Northern Illinois University

Huskie Commons
Graduate Research Theses & Dissertations

Graduate Research & Artistry

2018

Exploring the role purpose-related experiences can play in
supporting interest development in STEM
Neil J. Naftzger

Follow this and additional works at: https://huskiecommons.lib.niu.edu/allgraduate-thesesdissertations

Recommended Citation
Naftzger, Neil J., "Exploring the role purpose-related experiences can play in supporting interest
development in STEM" (2018). Graduate Research Theses & Dissertations. 3033.
https://huskiecommons.lib.niu.edu/allgraduate-thesesdissertations/3033

This Dissertation/Thesis is brought to you for free and open access by the Graduate Research & Artistry at Huskie
Commons. It has been accepted for inclusion in Graduate Research Theses & Dissertations by an authorized
administrator of Huskie Commons. For more information, please contact jschumacher@niu.edu.

ABSTRACT

EXPLORING THE ROLE PURPOSE-RELATED EXPERIENCES CAN PLAY IN
SUPPORTING INTEREST DEVELOPMENT IN STEM
Neil J. Naftzger, Ph.D.
Department of Leadership, Educational Psychology, and Foundations
Northern Illinois University, 2018
Lee Shumow, Co-Director
Daryl Dugas, Co-Director

The focus of this study was to explore how select practices and approaches with a selftranscendent orientation delivered in STEM-oriented summer learning programs serving
middle-school aged youth were related to both (a) in-the-moment experiences that over time
are believed to be related to possible continued engagement and interest in STEM and (b)
changes in STEM-related youth outcomes during the span of the program. Using data obtained
from surveys collected using the experience sampling method, activity leader interviews, video
footage of programing, and pre-post youth surveys, a series of multilevel models were
constructed to assess how activity leader practices that put youth in the position of considering
the needs or concerns of others or undertaking work that was beneficial to a larger cause or
purpose beyond themselves were related to in-the-moment experiences and changes in STEMrelated outcomes. Key study findings suggested that providing youth with self-transcendent
supports and opportunities resulted in youth feeling that what they were doing was important
and that these feelings over the span of the program were associated with growth in STEM
interest, self-concept, perceptions of value, and aspirations.
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CHAPTER 1

INTRODUCTION TO THE STUDY

Study Purpose

Interest development is a critical component of youth growth and development. Interest
has been shown to be linked to a number of motivational elements related to learning, including
goal-directed behavior, self-efficacy, self-regulation, and achievement value (Renninger &
Hidi, 2011). Unfortunately, a number of studies have documented a decline in youth interest in
school-related content areas as they enter adolescence (Barmby, Kind, & Jones, 2008; George,
2000; Gottfried, Fleming, & Gottfried, 2001). This decline has ramifications for learning,
achievement, and preparation for post-secondary education and employment in an era where
specialized knowledge and skills are critical to well-paying and stable employment (Denissen,
Zarrett, & Eccles, 2007; Hidi, 2000), particularly in STEM-related fields which are envisioned
to be a cornerstone of our country’s economy in the coming decades.
In this sense, there is a critical need to further document what features of learning
environments spark the development and growth of interest in a given area like STEM
(Renninger & Hidi, 2011). Studies conducted in this arena promise to help provide educators
working in both formal and informal learning settings with knowledge about practices and
approaches they can apply to effectively stimulate the growth and development of youth
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interest in STEM. Provision of this type of knowledge and related supports can ultimately serve
to enhance youth engagement and motivation to participate in learning activities and fuel youth
aspirations to explore career paths in a variety of STEM-related sectors and industries which
are critical to our economic competitiveness as a nation.
One feature of STEM learning environments that has not been studied extensively to
date in terms of how it may contribute to the cultivation of interest in STEM are approaches
designed to imbue participating youth with a sense of purpose (Damon, 1983, 1995) which
entails caring for or contributing to the well-being of their community; the environment; or
others in need of assistance or support. Providing youth with opportunities to participate in
activities which allow them to pursue goals which go beyond their own self-interest has been
shown to support engagement in youth-serving programs. For example, Dawes and Larson
(2011) found that youth development programs that facilitated youth in working toward
accomplishing moral, civic, and social change goals that were consequential to others in their
community or the world writ large helped youth form personal connections to and enhanced
their engagement in program activities. Yeager et al. (2014) constructed and implemented an
intervention that was designed to get youth to reflect on their own self-transcendent goals for
learning (i.e., goals oriented at helping others or making a contribution to society). Participation
in the intervention resulted in youth reporting a greater sense of personal meaning in
undertaking school-related tasks and demonstrating significant improvement in science and
mathematics grades compared to similar youth enrolled in the control group. Studies like these
suggest that focusing on cultivating a sense of self-transcendent purpose may be an effective
mechanism in helping youth experience engagement while participating in STEM-oriented
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activities and in developing an appreciation for how STEM can be used to make a meaningful
contribution for the benefit of others or society more generally.
A key hypothesis underpinning the study described here was that there may be
particular ways of undertaking STEM-oriented program design and delivery that are likely to
facilitate youth experiencing a sense of self-transcendent purpose, including (a) program goals
that explicitly relate to cultivating a sense of purpose and (b) supports, opportunities, and
statements with a self-transcendent orientation offered by activity leaders during program
delivery. It was hypothesized that such program elements were likely to result most
immediately in youth in-the-moment interest and engagement in programming. Over the span
of program participation, it was expected that youth that were more frequently exposed to such
program elements would be more likely to express experiencing a sense of self-transcendent
purpose at the conclusion of the program and that these experiences would serve to positively
influence the development of interest in STEM content areas among participating youth. More
specifically, the aim of the study was to explore the extent to which a sample of STEMoriented summer learning programs targeting middle school youth provided the types of selftranscendent supports, opportunities, and statements made by activity leaders that were
hypothesized to be associated with in-the-moment interest, feelings that what they were doing
was important, working hard, and engagement in learning activities. In addition, the study was
designed to assess if self-transcendent supports, opportunities, and statements offered by
activity leaders were related to youth having purpose-related experiences and the extent to
which these experiences were related to changes in youth interest in STEM; STEM selfconcept; perceptions of the utility value of STEM; and future aspirations related to STEM
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between the start and end of the program. It is hoped that study results will provide educators
with practical information on how STEM-oriented activities can be designed and delivered with
elements to facilitate youth having purpose-related experiences that are likely to support the
development of interest in STEM-related content areas and fields.

Background

Adolescence is a period during which identity formation and development is
heightened. This may have ramifications for how they perceive learning and school. A number
of studies have shown that as youth enter high school, their interest in STEM-related content
areas starts to wane relative to the level of interest and motivation demonstrated in elementary
and middle school (Barmby et al., 2008). Some scholars have suggested that youth’s tepid
reaction to science and related STEM fields may be related to a perception on the part of youth,
particularly youth from more disadvantaged backgrounds, that science is impractical, remote,
and disconnected from the day-to-day reality of their lives (Basu & Barton, 2007). In addition,
youth interest in STEM can be shaped by early school success, with courses taken in middle
school impacting the ability of youth to take higher levels of math and sciences in high school,
which consequently impacts their options for postsecondary studies in the STEM fields (Hein,
Smerdon, & Sambolt, 2013). Youth with a poor self-concept in science and math may be
especially prone to declining interest and less apt to respond to messages that highlight the
importance of knowledge and skills in these areas for post-secondary and workforce success
(Durik, Hulleman, & Harackiewicz, 2015).
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Not only does this loss of interest observed during adolescence have ramifications for
student learning and competence in STEM-related areas (Schiefele, 2009), there are dire
consequences for the competitiveness of our nation if we cannot successfully develop future
generations of STEM-oriented workers and innovators. Since the onset of the industrial
revolution, economic growth in the United States has been predicated on technological and
scientific innovation driven by research and development agendas that required scientists and
engineers with the skills needed to develop new solutions to evolving and increasingly
perplexing problems (Institute of Medicine, 2007). This will continue to be the case in the
future, and there is a need to draw future scientists, engineers, and mathematicians from each of
our communities. It is worth noting that nearly half of STEM-related jobs are either in the
trades or in a sector that does not require a college degree (Rothwell, 2013; Vilorio, 2014). In
this sense, a substantial number of STEM jobs are potentially accessible to a wide spectrum of
youth, including those not on a college trajectory assuming they have developed the appropriate
level of STEM literacy to be competitive for these types of positions that can afford the
opportunity to live a middle class lifestyle However, some studies have shown that interest in
pursuit of STEM-oriented careers is especially low among ethnic minority youth (African
American, Hispanic, and Native American; ACT, 2014). Recent trends indicate that AfricanAmericans and Hispanics, while accounting for 11 and 14 percent of the American workforce
overall, each represent only 6 percent of the STEM workforce (Beede et al., 2011). Each of
these trends will only serve to further exacerbate the likelihood that youth from these groups
will be marginalized in terms of their full participation in the new economy.
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Addressing these issues will require a more complete understanding of how interest in
STEM is formed and sustained and discovering what is regulate-able from an instructional
practice standpoint, with the focus on what practices, supports, and opportunities can be
employed that will catch and hold youth’s interest in the content being covered. While some
notable studies have been completed to identify such practices (see Shumow & Schmidt, 2014
and Linnenbrink-Garcia, Patall, & Messersmith, 2013), no one to date has specifically
attempted to explore the role practices that support youth having purpose-related experiences
play in interest development.
For this study, the conceptualization of purpose largely drew from Damon’s work on
this topic (Damon, 1983, 1995). Damon, Menon, and Bronk (2003) define purpose as an
intention to accomplish something which is both meaningful to the self but also consequential
to the broader world outside the self. Purpose by definition is stable, is characterized by a
search for meaning, and is directed at something to be accomplished. The development of
systems related to purpose has been linked to a number of positive developmental outcomes for
youth, including prosocial behavior, moral commitment, achievement, and high self-esteem
(Damon et al., 2003). The focus of this study was to explore how youth exposure to STEM
program elements of a self-transcendent nature were potentially linked to in-the-moment
interest and engagement and the fostering of purpose-related experiences. It is not possible to
say that the programs being studied have helped youth find their purpose in life. Rather, the
crux of the study was to explore how the pursuit of self-transcendent goals and provision of
self-transcendent supports, opportunities, and statements may have served to stimulate youth
interest and engagement in STEM, both situationally and in a more sustained fashion.

7

Research Questions and Study Overview

The study was conducted using data collected as part of the STEM Interest and
Engagement (STEM IE) study, a four-year project (2014 to 2018) funded by the National
Science Foundation to explore how interest develops among middle school-aged youth
attending STEM-oriented summer learning programs. Youth attending programming were from
high poverty communities, and each program was oriented at supporting youth development of
academic content skills, social and emotional outcomes, and cultivating youth interest in
STEM.
Building from the existing literature on interest development in STEM-related fields
and the role of purpose in social identity development, the primary research questions guiding
the study were as follows:
1. To what extent were purpose-related instructional opportunities, supports, and activity
leader value statements available across programs?
2. To what extent were purpose related value statements made by program activity leaders
related to youth-reported, in-the-moment experiences of interest, feelings that what they
were doing was important, working hard, and engagement?
3. To what extent was youth participation in purpose related activities associated with
youth-reported, in-the-moment experiences of interest, feelings that what they were
doing was important, working hard, and engagement?
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4. Were youth reports of having purposed-related experiences during the program related
to purpose-related instructional opportunities, supports, and activity leader value
statements?
5. Were youth reports of purpose-related experiences associated with changes in (a)
individual interest in STEM; (b) a STEM self-concept; (c) perceptions of the value of
STEM and (d) future goals and aspirations related to STEM?
Each of these questions is critical to exploring the role purpose-related experiences can
play in cultivating youth interest in STEM fields by yielding a greater understanding of how
specific practices cultivate these experiences and what this may mean for supporting the
development of STEM interest-related outcomes among participating youth.

Operational Definitions

In undertaking the proposed study, data collected from the STEM IE study were used to
assemble a number of key program-, youth-, and episode-level constructs related to both
interest development and purpose-related experiences, including the following.
Program-Level Constructs
Self-Transcendent Program
Goals and Objectives

Adoption of goals and objectives by the STEM programs
enrolled in the study that were related to cultivating purposerelated experiences among participating youth, particularly in
terms of (1) imbuing youth with a sense of stewardship in
relation to the local ecosystem or in protecting endangered
habitats or species or (2) providing youth with the opportunity
to work toward the completion of a culminating project that
was meant to be beneficial to the school community.

Youth-Level Constructs
Individual STEM Interest

Represents the stage of interest development where interest in
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STEM is enduring and stable and can be self-generated and
maintained (Hidi & Renninger, 2006; Schiefele, 2009).
STEM Self-Concept

Refers to a youth’s perceived sense of competence in STEMrelated content areas; their perceived ability to do well when
completing tasks related to that area; and their expectations
for success in completing STEM related tasks (Durik et al.,
2015).

STEM Value

The extent to which youth perceive STEM content as being
useful for some purpose, particularly in relation to the extent
to which participation in an activity or learning more about a
particular content area is perceived as facilitating the
achievement of college and career goals important to the
individual in question or will prove useful in life more
generally (Eccles, Fredericks, & Epstein, 2015).

STEM Aspirations

The extent to which youth are inclined to pursue a STEMrelated career or program of study and consider the idea of
doing so worthy of consideration.

Youth Motivation to Attend
Programming

The degree to which youth expressed they were looking
forward to attending the STEM summer program.

Purpose-Related Experiences

The extent to which youth reported learning about things in
the program that were important to their community or the
environment and that attending the program helped them to
feel good because they were helping their community or the
environment.

Episode-Level Constructs
Supports and Opportunities
Related to the Pursuit of SelfTranscendent Goals

Activities that provide youth with an opportunity to reflect on
the causes of and solutions to a local, community,
environmental, and/or societal problem and work on creating
and/or delivering products, presentations, or projects that are
meant to educate others about the issue, present possible
solutions, or make a contribution for the benefit of others.

Self-Transcendent Value
Statements

Value-related statements made by activity leaders of a selftranscendent nature that highlighted the positive value
associated with STEM content areas in making a contribution
or solving local, community, environmental, and/or societal
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problems or otherwise making a contribution for benefit of
others.
Episode Quality

Refers to the extent to which activity leaders provided
opportunities and supports that pushed youth thinking about
STEM, likely cultivated a deeper understanding of the content
being delivered and provided the activity in an organized and
efficient manner.

Field-Based Setting

Refers to activities delivered in a non-classroom, field-based
setting where (a) the activity could only take place within that
setting (e.g., searching for marine life in Narragansett Bay)
and (b) involved identifiable STEM content related to the
activity.

Situational Interest

Represents a temporary, in-the-moment expression of interest
in response to something that is out of the ordinary, relevant
to important aspects of one’s life, or emotionally compelling;
it is often generated because a connection is made to
something relevant to the youth in question (Renninger, 1992;
Schiefele, 2009).

Situational Feelings That
What They Were Doing Was
Important

Youth in-the-moment perceptions that what they were doing
was important.

Situational Working Hard

Youth in-the-moment reports that they were working hard on
the STEM activity being delivered.

Situational Engagement

Defined as the youth reporting in-the-moment concentration,
interest, enjoyment, and working hard in relation to the STEM
activity being delivered.

Study Overview
The study involved the secondary analysis of STEM IE data in order to explore the
relationship between (a) program goals, supports, opportunities, and statements with a selftranscendent orientation offered by activity leaders during program delivery and (b) early
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adolescent in-the-moment and summative program experiences and how these experiences
were related to changes in youth’s STEM-related interests, self-concept, perceptions of value,
and aspirations. The following domain of data obtained from the STEM IE study were utilized
to conduct the study:
•

Pre/Post Youth Surveys. Youth surveys measuring levels of youth interest in STEM,
STEM self-concept, the perceived value of STEM, and future aspirations related to
STEM were administered at the start and end of summer programming in 2015. Post
versions of the survey also included questions related to program experiences and
perceived program impact, including questions related to purpose-related experiences.
Pre-survey data were collected from 180 youth, while both pre- and post-survey data
were collected from 142 youth.

•

ESM data. Data using the Experience Sampling Method (ESM) was collected twice a
week for three weeks during the programming period. Data on up to 24 ESM episodes
were collected per youth, focusing on youth in-the-moment experiences in
programming, including (1) youth perceptions of their activities; (2) youth experiences
in the activity; and (3) youth’s emotional state. A total of 2,970 ESM surveys were
collected from 203 youth.

•

Activity Video. Activities were also videotaped on the days ESM data were collected,
providing the capacity to link instructional practice and activity characteristics with
youth in-the-moment experiences collected from the ESM surveys. A total of 237 video
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segments lasting approximately 15 minutes each were coded across the following set of
categories:
▪

The type of activity being provided;

▪

Program quality, using both the upper elementary version of the Classroom
Assessment Scoring System (CLASS; Pianta, Hamre, & Mintz, 2012) and a tool
predicated on the STEM version of the Youth Program Quality Assessment
(YPQA; Forum for Youth Investment, 2012);

▪
•

Value-related statements made by program activity leaders.

Interviews. Activity leaders involved in the provision of programming at each site were
also interviewed to further explore how programming was designed and delivered to
support the development of youth interest and engagement.

•

Youth Demographics. Data on basic youth demographics were obtained in relation to
youth enrolled in the STEM IE study from the two public school districts associated
with the cities where programming was being delivered.
In order to undertake the study, data collected from the STEM IE study were used to

assemble a number of key program-, youth-, and episode-level variables related to both interest
development and purpose-related experiences. At the program-level, a dichotomous variable
was constructed based on interview data that indicated if the program in question had adopted
one or more goal or objective oriented at cultivating a self-transcendent sense of purpose
among participating youth, like cultivating a commitment to stewardship in relation to the local
ecosystem or providing youth the opportunity to undertake a collective project designed to
benefit the larger community like designing and building an outdoor classroom space.
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At the youth-level, pre-post youth survey data were used to measure both youth baseline
functioning on key constructs related to the pursuit of STEM educational and career goals and
how youth functioning on these constructs changed during participation in the STEM summer
learning programs, including individual STEM interest; STEM self-concept; STEM value; and
STEM aspirations. In addition, both youth motivation to attend programming and youth reports
of having purpose-related experiences were measured at the youth level on the pre- and postsurveys respectively.
A number of constructs were also measured at the episode level, defined as the 15
minutes of observed programming that took place before a given ESM signal was given.
Constructs measured at the episode level were of two primary types: (1) practices and
statements made by activity leaders to structure the learning environment, including the types
of supports and opportunities made available by activity leaders to participating youth and (2)
youth responses to ESM survey items representing their subjective experiences in programming
at the time the signal was issued.
Constructs of the first type included two areas of particular importance to this study
given that they represented an effort to operationalize what practices meant to support youth
experiencing a sense of self-transcendent purpose may look like. These areas included (1)
statements made by activity leaders that articulate the value of STEM for self-transcendent
purposes that were coded from video segments associated with each ESM episode and (2) the
presence of activity leader-provided supports and opportunities related to the pursuit of selftranscendent goals (e.g., staff asked youth to reflect on what should be done to preserve,
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protect, or advance a local ecosystem, species, or community; youth were working on creating
a product or completing a project which was directly helpful to others, etc.).
ESM survey items representing youth’s subjective experiences in programming at the
time the signal was issued were used to construct measures related to situational interest;
situational feelings that what they were doing was important; situational expressions of
working hard, and situational engagement. Each of these items served as an outcome measures
in models oriented at assessing how these experiences were related to self-transcendent value
statements and supports and opportunities offered by activity leaders at the point of service
delivery and as predictors in other models where the outcomes of interest related to youthreported purposes-related experiences in programming and growth in STEM interest, selfconcept, perceptions of value, and aspirations. Analyses employed in this study were
descriptive, using a combination of cross-classified and basic two-level, multilevel models to
account for the different ways the data were nested.

CHAPTER 2

STUDY FRAMING

A key goal of this study was to advance the knowledge base around how interest in
STEM can be cultivated by marrying key theoretical concepts from the fields of interest,
motivation, and purpose with lessons learned from the research base on what features of
STEM-oriented learning environments cultivate the types of experiences that over time may
engender sustained interest and motivation to participate in STEM-related courses, activities,
and careers. Central to informing this effort was to understand and apply what is known in the
literature regarding the stages by which interest develops; instructional supports and
opportunities that support youth in-the-moment interest and engagement; the role purposerelated experiences play in the development of youth and under what conditions such
experiences are likely to be had; and how other key concepts like self-concept and expectancy
value influence these processes. In the sections that follow, steps are first taken to summarize
the literature on purpose and interest respectively, followed by other findings from the literature
relative to the constructs investigated in the study. Then, a conceptual framework on how
interest develops in STEM is described, with steps taken to highlight the role purpose-related
experiences may play in this process and the linkages between components of the framework
and the research questions raised in this study.
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Purpose

An important component of identity formation pertains to finding a purpose in life.
Damon et al. (2003) defined purpose as, “a stable and generalized intention to accomplish
something that is at once meaningful to the self and of consequence to the world beyond the
self” (p. 121). Damon et al. (2003) note that a defining characteristic of purpose is a
commitment to making a difference in the external world. This commitment is demonstrated by
active engagement where the individual moves beyond just contemplation of their purpose to
dedicating effort, time, and energy to instantiate that commitment in the external world beyond
the self (Bronk, 2012). A number of purpose researchers have highlighted the importance of
non-selfishness and other-orientation in the development of purpose (Fry, 1998; Colby &
Damon, 1992; Daloz, Keen, Keen, Parks, & Parks, 1996). Among youth, a growing sense of
purpose will manifest itself, both in the selection of extracurricular activities and potential
involvement in service-oriented activities (Bobek, Zaff, Li, & Lerner, 2009; Fischman, Schutte,
Solomon, & Lam, 2001). In this sense, the development of purpose is an ongoing and sustained
process characterized by both key experiences and interest development which results in an
ever-growing commitment by the individual to accomplish something specific that is
meaningful in relation to the broader world.
For Damon, purpose provides the answer to questions like why am I doing this? Why is
this important? Why does this matter? It is predicated on the belief that everything one does in
this world counts. In this regard, a sense of purpose is an organizing framework for living one’s
life that gives day-to-day actions meaning and significance. This process is very much part of
identity formation (Erikson, 1968). Youth begin the process of hammering out a moral identity
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in adolescence, making decisions about what values and beliefs they are going to rely on to
guide their life’s journey (Damon & Hart, 1992; Hart & Damon, 1988). The development of
belief and value systems predicated on a sense of purpose has been linked to a number of
positive developmental outcomes for youth, including prosocial behavior, moral commitment,
achievement, and high self-esteem (Damon et al., 2003). Individuals that fail to find a purpose
in life are more prone to depression, addiction, problematic and disruptive relationships, and a
variety of other pathological and undesirable outcomes.
Given how purpose is connected to the process of identity development, it is something
that develops slowly over a period of time through a series of ongoing experiences and
interactions that serve to deepen the individual’s commitment to the topic in question. Studying
individuals that had developed a strong sense of purpose (what she terms purpose exemplars),
Bronk (2012) developed a theory around the process of purpose development by identifying
four distinct stages in how purpose exemplars developed a sustained commitment to their core
purpose: (1) initiating commitment; (2) sustaining commitment; (3) escalating commitment;
and (4) evolving commitment. Bronk describes how most purpose exemplars were initially
inspired to get involved with their focus area in a relatively minor way, but over time came to
enjoy and develop a passion for the cause they were championing. Being exposed to inspiring
narratives related to the importance of their area of interest and being able to see how the issue
in question was relevant to their own lives and community were two key factors that appeared
to nurture the commitment of purpose exemplars early on. In addition, purpose exemplars
reported enjoying working on their chosen issue which played a substantive role in helping to
sustain their commitment over time. Part of their enjoyment appeared to be derived from being
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able to use their skills for the greater good; receiving positive feedback on their efforts; and
developing relationships with mentors and peers with similar commitment and passion for the
topic of interest. Several of the programs enrolled in the STEM IE study were characterized by
such opportunities, whether it be designing and building an outdoor classroom space to
studying and developing solutions to help endangered species in conjunction with educators
employed by the local zoo. In addition, many of the programs enrolled in the STEM IE study
were very attuned to the need to create positive relationships with participating youth, using
quality frameworks like the Youth Program Quality Assessment (YPQA) to help ensure
practices were being adopted by activity leaders to support developmentally appropriate
learning environments characterized by high levels of staff support and positive adult-to-youth
and peer-to-peer interactions.
In this study, the focus was placed on those very early experiences associated with the
first stage of initiating commitment described by Bronk (2012) by trying to understand how
focusing on using STEM as a platform for the pursuit of self-transcendent goals served to
stimulate youth interest and engagement in STEM. In this sense, the primary goal of the study
was to try to understand how participation in activities which exposed youth to selftranscendent aims may have supported the emergence of initial sparks of interest in STEM that
could over time set a youth on a path that starts to look something more like purpose as
described by Damon and others. Following youth that participated in the STEM IE study to
explore the extent to which they continue on a STEM-oriented path motivated by a desire to
make a difference was well beyond the goals of this study. The focus here was on
understanding how select program practices and approaches with a self-transcendent
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orientation may have served to support (a) in-the-moment feelings of interest, feelings that
what they were doing was important, expressions of working hard, and engagement; (b) the
occurrence of purpose-related experiences; and (c) changes in STEM-related youth outcomes
on key constructs believed to be related to continued engagement in STEM.
Damon and others have written about practices that may be especially conducive to
supporting youth in finding their purpose. In his book on purpose, Damon (2008) offers a series
of approaches that can be undertaken by parents in particular to help their children develop a
sense of purpose, but seemingly these approaches can also be applied to educators as well,
regarding how to help youth develop a sense of purpose in their lives. Several of these practices
in particular appear well-aligned with the types of programming and activities delivered at
some of the summer STEM programs enrolled in the STEM IE study. For example, Damon
encourages parents to instill their children with a sense of agency that is linked with
responsibilities they have for carrying out household chores and duties. After an extensive
review of the literature on youth involvement in community service undertakings, Yates and
Youniss (1996) found that participation in community service has been found to provide youth
with an alternative context in which to face challenges and overcome them, not for their own
benefit, but the benefit of others and/or the common good, thereby providing them with
additional feedback on what they are capable of doing both now and in the future. Such
experiences may serve to elevate youth’s sense of competence in STEM-related fields which
they may carry with them into the school-day classroom and beyond. Summer learning and
afterschool programs that seek to blend project-based learning and service learning components
offer youth a very similar opportunity to cultivate a sense of agency by being responsible,
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usually as part of a team, to design and implement a project oriented at meeting the needs of
others where they have specific tasks and roles to perform. For example, in one of the programs
enrolled in the STEM IE study, youth designed and built an outdoor classroom space to be used
by the middle school where the program was housed. In addition to contributing to a sense of
agency, opportunities like this provide youth with the opportunity to experience a sense of
mattering by making a lasting contribution to their community.
Part of doing project-based learning well is also helping youth to maintain an optimistic
outlook in regards to their project, helping them to avoid the “sky-is-falling” type of mentality
when they encounter failure or setbacks. Damon (2008) notes that what is important to point
out to youth is that they have some level of control in how things turn out and the importance
of persisting when challenges are encountered. Findings by Larson and Angus (2011) support
Damon’s advice in this regard. In a study of youth participation in arts and leadership
programs, Larson and Angus found that youth developed what they termed strategic thinking
skills which developed from wrestling with the challenges associated with real-world scenarios
and being able to plan how to carry out specific tasks and work. Key to building these skills
was working though challenges they encountered and getting feedback on the outputs they
produced. In this sense, project-based learning components that challenge youth to think
through and solve problems with the appropriate amount of scaffolding and well-timed
encouragement and support to help youth push through those challenging moments can be a
key component of effective STEM-oriented learning programs. The development of confidence
that results from achieving desired outcomes while overcoming challenges helps youth believe
in their ability to affect change.
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Research conducted by Bronk (2012) further support this approach. In her four-stage
theory relative to the process purpose exemplars go through to arrive at a state of sustained
commitment to given purpose, the second stage of the model, what Bronk terms sustaining
commitment, was characterized by experiences in which youth overcame obstacles and
challenges in relation to achieving the types of self-transcendent goals they were pursuing,
learning from mistakes and reflecting on progress and successes, and developing a sense of
optimism and belief in their ability to affect change. An ideal STEM learning program would
afford youth these types of opportunities that would result in the achievement of concrete and
specific self-transcendent goals and objectives.
Several of these concepts and approaches pertaining to supporting the development of
purpose were explored in the study, including a program’s adoption of self-transcendent goals
and objectives and the offering of activities that provide youth with the opportunity to create
products, work on projects, or collect and analyze data for some self-transcendent end. In
addition, observation-based, quality scores assigned at the ESM episode-level afforded the
capacity to assess how well activity-leaders were providing the scaffolding and feedback
needed to move projects ahead while ensuring youth retain a sufficient domain of control to
experience the type of youth agency described by Damon (2008), Dawes and Larson (2011),
and Bronk (2012) associated with purpose-building experiences.
While most research on purpose has focused on purpose exemplars that have
demonstrated a sustained dedication to a given life’s purposes over a relatively long period of
time (Bronk, 2012; Damon, 2008), some research has shown that intentional efforts to get
youth to consider how what they’re doing may relate to a self-transcendent goal may serve to
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support engagement and persistence in completing a given activity or learning task. For
example, Yeager et al. (2014) developed an intervention that was designed to get youth to
reflect on their own self-transcendent goals for learning. As part of this intervention, 9th grade
youth provided responses to a writing prompt about how the world could be a better place.
Youth enrolled in the study also were presented with survey statistics demonstrating that most
youth want to do well in school in order to be in a better position to make a positive
contribution to society and quotes that were purportedly from upperclassman at the school
demonstrating this same general message. Finally, youth were asked to write a letter to
incoming 9th graders regarding how they thought learning would help them become the person
they wanted to be and have the type of impact on the world that they wanted to have. The
hypothesis here was that youth participating in this intervention would come to find greater
meaning in undertaking academic-related tasks, even when the tasks in question were tedious
and less than exciting. The premises underlying the intervention was predicated primarily on
previous research that demonstrated that providing youth with carefully constructed prompts to
reflect on and construct their own motives for learning can result in the development of their
own goals for learning (Hulleman & Harackiewicz, 2009). Results from the study demonstrated
that youth participating in the intervention demonstrated a higher sense of personal meaning in
undertaking school-related tasks and significant improvement in science and mathematics
grades compared to similar youth enrolled in the control group (Yeager et al., 2014). Such
results are promising and suggest that programs seeking to motivate youth to engage actively in
the pursuit of self-transcendent goals may want to consider devising similar types of reflective
strategies. For example, Eyler (2002) devised a comprehensive reflection map to be used with
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service learning-oriented activities that outlines strategies to be used before, during, and after a
service activity and those that the participant can undertake alone, with their classmates, and
with representatives of their community partner. Damon (2008) points out that reflection of this
ilk has a tendency to lead to the types of thoughts that can lead to purposeful action. In this
book, Damon calls on adults to be aware of these moments when that spark related to
purposeful interest is observable and to take steps to “fan the flames” though reflective
dialogue.
These approaches are also consistent with Kohlberg’s theories around the moral
development of youth and his efforts to apply these theories to craft interventions oriented at
helping youth develop the cognitive schema necessary to move to a higher stage in his
framework (Kohlberg, 1963, 1975). The concept of purpose is very much aligned with the
process of moral development in the sense that purpose-related action is likely to be born out of
a sense of justice or mercy to engage in actions that are likely to address a societal problem or
make a contribution that is of benefit to others. Building from the work of Piaget, Kohlberg
crafted a stage theory that demonstrated that the structures youth employ when making moral
judgments follow a universal, invariant, and predictable sequence (Kohlberg, 1963). In
Kohlberg’s own efforts to support the practical application of his theories to support the
positive moral development of youth, the focus was placed on developing increasingly
complicated moral dilemmas that required youth to go through the reasoning process needed to
determine what was a just resolution to a given conflict (Kohlberg, 1975). The goal was to
structure these dilemmas in such a way that exposed youth to the reasoning needed to proceed
to a higher level of moral development by highlighting contradictions which could not be
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adequately addressed by the type of reasoning associated with their current level of moral
development. This approach reflects Kohlberg’s emphasis on the structures associated with
moral reasoning as opposed to the content of moral problems. In this sense, one type of practice
which could be adopted for inclusion in STEM activities oriented at supporting purpose-related
experiences for participating youth would involve dedicating time to carefully craft discussions
which explore the issues of justice associated with a given ecological, societal, or related
problem that is being addressed by the activity in question with the goal of activating and
expanding the moral reasoning capacities of participating youth. For example, an activity
oriented at ecosystem conservation could explore the need to balance preservation of natural
habitat versus the demands of industry and economic growth in a manner which results in a just
outcome for stakeholders representing each side of the equation. Based on video of
programming recorded during the STEM IE study, similar forms of dialogue were found to
have occurred within the confines of some the STEM IE programs. For example, one program
led youth through an exercise of exploring how the historical development of industry in their
community provided a positive avenue for the growth and development of their city while also
negatively impacting the water quality in the community and the health of the local bay.

Theoretical Perspectives on Interest

Cultivating youth interest in STEM will require a more complete understanding of how
interest in STEM is formed and sustained. An important step in this process is defining what
the characteristics of interest are. While researchers have employed a variety of frameworks
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and approaches when conceptualizing interest, there appear to be five key characteristics of
interest that researchers widely agree upon (Renninger & Hidi, 2011).
1. Interest is connected to specific content or objects. In this case, the content of interest fell
within three primary areas given the content focus of the programs enrolled in the STEM IE
study: (1) science, (2) mathematics, and (3) building.
2. The latent potential for interest in a particular area to develop is present in a person’s
genetic makeup, and interactions with the environment help determine if it develops and is
sustained. In this sense, the key to cultivating interest in STEM is constructing intentional
experiences for youth that stimulate the emergence of that latent interest; however, this also
means that not all youth would be expected to respond to environmental stimuli in a manner
that represents either in-the-moment interest or growth over time in a given content area.
For example, a child with an ear for music may be more inclined to be interested in learning
to play the piano as opposed to a youth without the same capacity. Of some interest here
was how youth respond differently in field- and non-field-based settings in terms of
situational interest and engagement, particularly within a program characterized by selftranscendent goals and objectives. It was hypothesized that there may have been a positive
interaction between the presence of these goals and youth participation in activities
occurring in a field-based setting and situational youth interest and engagement.
3. Interest is characterized by both affective and cognitive components and the relative
strength of each can vary depending upon the stage of interest development. For example,
work done in this focus area has explored issues like how the affective and cognitive
components of interest development ebbs and flows over time and how these fluctuations
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relate to other components of the environment; the affective reaction individuals have when
exposed to novel concepts or stimuli; and the differences between enjoyment and interest,
especially how the former is not truly a proxy for the presence of interest.
4. The person is not always aware of the depth or degree of their interest while engaged in
activities and may experience flow-like experiences. Interest, combined with focused
concentration and enjoyment, can result in an all-consuming state where the person is
completely absorbed in the task at hand, what Csikszentmihalyi (1990) termed flow. Such
states likely will result in youth learning content at a very deep and penetrating level.
Despite this agreement on the primary characteristics associated with interest, the
research base on this subject is characterized by a diversity of ways in which interest has been
both conceptualized and measured, resulting in calls to further develop a more complete and
adequate theory of interest development (Renninger & Hidi, 2011) that addresses both how
interest develops and how it is related to and impacted by other motivational constructs. For
example, several researchers have made connections between the development of interest and
other theories related to youth motivation, including self-concept (Pintrich, 2003) and selfefficacy (Bandura, 1986, 1997); expectancy value (Eccles et al., 1983; Eccles & Wigfield,
2002); self-determination theory (Ryan & Deci, 2000); and emergent motivation theory
(Csikszentmihalyi, 1990; Csikszentmihalyi & Schneider, 2000). Understanding how interest
development is both influenced by and impacts other motivational constructs is critical to
determining how learning experiences can be crafted for youth that support interest
development and then sharing this information with educators to enhance their practice. Steps
were taken in this study to explore how youth functioning on these types of constructs changes
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during the span of summer program participation and how purpose-related experiences was
related to growth in each of these areas.
Hidi and Renninger’s Four-Phase Model
Among the most common theories of interest is Hidi and Renninger’s (2006) four-phase
model of interest development, which, among other things, makes a key distinction between
situational and individual interest, a distinction that impacts a variety of components of the
study. The concept of situational interest describes what happens when something catches the
attention of a learner. It is a temporary response to something that is out of the ordinary,
relevant to important aspects of their life, or emotionally compelling; it is often generated
because a connection is made to something relevant to the youth in question (Renninger, 1992;
Schiefele, 2009). Situational interest can also be broken down into two sub-types, representing
the first two phases of the four-phase model: (1) triggered situational interest and (2)
maintained situational interest. Triggered situational interest describes the process by which
one’s attention is initially captured by some kind of event or stimuli in the external
environment (the first phase of the four-phase model; Hidi & Renninger, 2006; Krapp, 2007;
Schiefele, 2009). During this phase, emotion is believed to play a substantive role during the
triggering process. Once interest is triggered, if attention is sustained for a period of time in
activities or tasks that are personally meaningful for the participant, then maintained situational
interest has been achieved (the second phase of the four-phase model). During each of these
first two phases, emotion is hypothesized to play a larger role in the process of interest
development than cognition, and there is more of a need for external stimuli to catch and hold
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participants’ interest. Within the context of STEM, this means that how learning environments
are crafted is critical for supporting the development of situational interest. As noted by Hidi
and Renninger (2006), project-based learning, cooperative group work, and one-on-one
tutoring have all been shown to support the cultivation of situational interest.
It is hypothesized that situational interest and engagement cultivated within individual
STEM sessions will over time engender sustained individual interest in STEM. Individual
interest, by contrast, is enduring and stable, and is thought to develop from situational interest
over time (Hidi & Renninger, 2006; Schiefele, 2009). After it has been well developed,
individual interest can be self-generated and maintained, and there is no longer a need for
someone else to make it interesting. Here again, Hidi and Renninger break the concept of
individual interest down into two phases: (1) emerging individual interest and (2) welldeveloped individual interest. During emerging individual interest (the third phase of the fourphase model), the individual begins to develop a propensity to welcome the opportunity to
reengage in tasks and activities related to the area that has captured their interest and has started
to develop positive feelings, knowledge, and value for the topic. During this phase, there is a
welcoming of future opportunities to engage with the topic, and participants are more apt to put
forth additional effort and persist during episodes in which they have the opportunity to interact
with the topic of interest (Hidi & Renninger, 2006).
The final stage of the four-phase model is sustained individual interest. During this
phase, individuals have developed a more mature and complete set of knowledge about the
topic and value and seek-out opportunities to reengage in activities and tasks related to the
topic. Sustained individual interest provides the individual with the motivation to undertake

29
ongoing and long-term projects related to the topic and to engage in more nuanced and
complex strategies and problem-solving to move such projects and undertakings forward (Hidi
& Renninger, 2006), demonstrating an enhanced level of self-regulation to reach performance
targets and goals and if need be modify the task to make it a more interesting one (Sansone,
Thoman, & Fraughton, 2015).
A central hypothesis associated with this study was that the presence of selftranscendent, in-the-moment value statements and support and opportunities would be
positively related to situational interest (both triggering and sustained situational) by (a)
stimulating an affective response from participating youth, whether this is a sense of sympathy
for an endangered species or positive feelings resulting from the knowledge they are making a
positive difference in the world beyond themselves; (b) enhancing the sense that what youth are
doing is relevant and important; and (c) causing youth to reflect on their own values relative to
what constitutes right action relative to the topic in question (e.g., helping to preserve a local
ecosystem is the right thing to do to protect an endangered species, etc.). It is important to note
that the dataset that was used to carry out the study did not contain a sufficient degree of detail
to investigate each of the hypothesized mechanisms by which self-transcendent practices may
have supported the development of situational interest, particularly in terms of the affective
responses of participating youth and reflections on how an activity reflected their values and
beliefs. The focus of the study was to explore the presence of a relationship between selftranscendent practices and in-the-moment interest and related experiences, as opposed to fully
explaining the mechanisms associated with that relationship. In addition, the study explored
what the potential effect may be of sustained exposure to program components of a self-
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transcendent nature on changes in youth individual interest (more emerging than sustained
given the relatively short period of time associated with the intervention). Both situational
interest within the confines of a particular program session and individual interest as measured
by items appearing on the pre-post youth survey were examined as outcomes in the study to
explore how the presence of and growth in interest may have been connected to the adoption of
practices with a self-transcendent orientation.

Role of Emotion

There is also a fair amount of evidence that emotion plays an important role both in
interest development and in the tendency to demonstrate altruistic and service-oriented
behaviors and actions. As noted by Fischman et al. (2001), youth engagement in service
learning and community service efforts can have a substantive impact on youth’s enduring
motivation to contribute to the world around them. Building from the theme of purpose
development, highlighting the manner in which STEM-related pursuits can help solve
important environmental or community problems is seen as a viable avenue for supporting
interest development in STEM. The focus here is on constructing intentional offerings that
demonstrate how STEM can be used in order to serve the greater good. Seemingly, approaches
predicated on an ethos of using STEM in service of the common good may afford the novelty
and affective components (i.e., helping others makes me feel good) needed to help trigger
situational interest and stimulate both interest (i.e., I am enjoying what I’m doing because it’s
helpful to others) and attainment value (i.e., I like what I see in myself when I am serving the
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common good). To explore the potential of such a line of thinking, both the literature on
community service and altruistic behavior warrant examination.
After an extensive review of the literature on youth involvement in community service
undertakings, Yates and Youniss (1996) found that youth participation in community service
appeared to impact three key developmental concepts related to identity formation: (1)
cultivating a sense of agency; (2) providing affordance for greater social relatedness; and (3)
raising moral-political awareness. Agency has already been discussed as a strategy for laying
the groundwork for the development of a sense of purpose. In terms of the latter two concepts,
participation in service-related efforts has been shown to change youth’s perceptions of what
their role should be in helping others, while also enhancing feelings of social acceptance (Yates
& Youniss, 1996), a strategy noted by Shumow and Schmidt (2014) as being conducive to
supporting adolescent motivation for science. Service-oriented projects also have been shown
to evoke strong moral feelings on the part of participating youth, augmenting how much youth
care about the condition of others and their community (Yates & Youniss, 1996). As noted
previously, interest development is characterized by both affective and cognitive components,
with emotion playing a stronger role in the early phases of interest development. Service offers
the opportunity to move beyond feelings of enjoyment to stimulating moral feelings which
compel youth to action because they believe sincerely that it is the right thing to do. Each of the
ways that community service impacts youth as described by Yates and Youniss (1996) is
discussed within the larger paradigm of identity formation in youth. In this sense, community
service is seen as a way to promote the development of a prosocial identity. Within the confines
of the proposed study, it was also hypothesized that the experiences described by Yates and
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Youniss may have impacted both youth in-the-moment feelings that what they are doing is
important and an expression of feeling good at the end of the program because they helped their
community or the environment.
Eisenberg also has written extensively on the issue of prosocial development and
altruistic behavior in youth (Eisenberg, 1986; Eisenberg & Fabes, 1995, 1998). Eisenberg and
her colleagues are especially interested in behaviors related to altruism which they define as
“intrinsically motivated voluntary behavior intended to benefit another – acts motivated by
concern for others or by internalized values, goals, and self-rewards rather than the expectation
of concrete or social rewards or the avoidance of punishment” (Eisenberg, Fabes, & Spinrad,
2006, p. 647). Youth feeling sympathy for the plight or needs of another can play a substantive
role in youth’s propensity to engage in altruistic behavior. For example, work by Miller,
Eisenberg, Fabes, and Shell (1996) suggested that sympathetic responding to a given situation
may be an important moderator between moral reasoning and judgment and the decision to
engage in altruistic behavior. This may be especially true among youth at lower stages of moral
development who need the affective response of sympathy to trigger the motivation to take
action, while youth at a higher stage of moral development may be sufficiently motivated to
help based on their belief in and the value they attach to moral truths they have come to adopt
and believe in.
Thus far, much of the discussion around the relationship between emotion and altruistic
behaviors has centered on the individual and the interaction between cognitive processes like
moral reasoning, emotion, and action. Larson and Dawes (2015), however, make the point that
OST programs characterized by group projects or shared undertakings can engender something
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akin to collective flow (Csikszentmihalyi, 1990; Csikszentmihalyi & Schneider, 2000), where
the group as a distinct entity is experiencing a collective sense of motivation to accomplish
something larger than each individual member of the group. As Larson and Dawes note, his
sense of belonging and affinity youth feel at such times likely is tapping into the psychological
need we all have to feel relatedness as described in Ryan and Deci’s Self-Determination Theory
(2000), an important component for motivation to bloom. Bronk (2012) in her study of purpose
exemplars and Yates and Youniss (1996) in their exploration of how community service
impacts participating youth both discuss how participation in such activities led to greater
feelings of social relatedness born out of collective pursuit of self-transcendent goals with
others. From a practice standpoint, there were practices observed in the STEM IE studies that
would have afforded youth the opportunity to experience something akin to collective flow
including youth working on (a) creating and/or delivering products, presentations, or projects
that are meant to educate others about the causes of a community or societal problem and/or
possible solutions and (b) creating a product or completing a project which is directly helpful to
others. In terms of what youth were experiencing during such activities with collective
purposes, it would be expected that this would be especially captured through the situational
engagement construct described previously measured on the ESM form used as part of the
STEM IE study.

Self-Concept

The development of interest has also been shown to be related to a number of other key
motivational concepts, including self-concept and expectancy value. One of the challenges in
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supporting the development of situational interest in an area like STEM is that not all youth
come to a learning environment with the same degree of interest in and self-concept pertaining
to the topic of interest. As noted by Durik et al. (2015), a youth’s self-concept related to STEM
can play an important role in how that youth responds to elements of a program offering that
are meant to capture and cultivate their interest. An individual’s self-concept related to a given
topic or content area has been conceptualized as being made up of three primary components:
(1) their level of perceived competence; (2) their belief in their ability to do well in that area
(i.e., self-efficacy – see Bandura, 1986, 1997); and their expectation for future success
(Pintrich, 2003). Youth with a lower self-concept in relation to STEM content areas are likely
to shy away from or fail to engage in situations that have the potential to make them feel
incompetent (Durik & Harackiewicz, 2007), thereby making it more difficult for situational
interest to take root. Self-concept was measured on the pre-post surveys using items specific to
given content area (e.g., science, math, and building) and was used in this study as an outcome
measure in models oriented at examining how self-transcendent practices and purpose-related
experiences were related to growth in this area during the span of program participation.

Expectancy-Value

The Expectancy-Value Theoretical Model of Achievement (EEVT; Eccles, 1987, 2009)
extends these concepts further by marrying self-concept with the subjective task value an
individual assigns to carrying out a given task to explain why individuals choose to engage in
activities and persist in carrying them out. Subjective task value refers to the importance an
individual assigns to the domain of options available and is hypothesized to be made up of four
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primary components: (1) intrinsic value which relates to the degree of interest and enjoyment
an individual gets from participating in an activity; (2) utility value which pertains to the extent
to which participation in an activity will help facilitate the achievement of short- or long-term
goals important to the individual in question; (3) attainment value which relates to how the
activities reverberate with the individual’s sense of identity; and (4) cost which relates to the
opportunities lost by participating in a given activity or the consequences associated with
choosing to engage (Eccles et al., 2015). A key component of this study was the coding of
intrinsic, utility, and attainment value statements made by activity leaders in the STEM IEenrolled program that were of a self-transcendent nature.

Instructional Enhancements Related to Stimulating Interest

Other instructional enhancements oriented at supporting the development of STEM
have included a focus on making content relevant for participating youth, including efforts to
craft learning experiences for youth that are powerful and shift how youth see and interact with
the world around them. Pugh’s work on transformative experiences outlines the idea that some
content is simply more inherently powerful and that instructional leaders should be intentional
about selecting this content and working to craft powerful experiences for youth (Pugh,
Linnenbrink-Garcia, Phillips, & Perez, 2015). Part of this process involves delivering content in
a way which helps youth to re-see experiences from their own lives through new STEM-related
content knowledge developed within the confines of the offering. This type of approach
highlights the role of relevance in interest development, which has been linked to the
cultivation of both situational and individual interest (Linnenbrink-Garcia et al., 2013; Shumow
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& Schmidt, 2014). In this study, youth feelings of relevance were assessed via an ESM item
that asked youth how important the activity they were participating in was to them.
One important characteristic of many of the programs enrolled in the STEM IE study
that was hypothesized to be related to the value youth attach to STEM content was that there
was an intentional effort to link STEM concepts learned about in the classroom to activities
undertaken in field-based and community settings. In coding study video, we looked
specifically for examples of activities where activities took place in the community, STEM
content was present, and the community space was critical to the activity (the activity couldn’t
be undertaken outside that location). For example, in several programs, activities took place in
natural settings that were essential for observing or experiencing phenomena related to program
content, like the role salt marshes play in protecting communities from storm surges caused by
hurricanes and understanding how those marshes form and thrive and what puts them at risk. It
was hypothesized that these types of settings would serve to enhance youth’s perceptions of the
relevance of what they were doing within the confines of a program activity.
Overall, the literature seems to suggest there are a variety of ways in which activities
can be constructed and delivered that are likely to support the development of interest in STEM
which draw on a variety of theories related to motivation and interest development. However,
there does not appear to be any definitive formula on how this should be done, and there are
ample examples from the literature that certain instructional enhancements may work for some
populations of youth, but not others. In addition, there are a number of examples from both the
field and literature regarding difficulties programs meant to enhance youth interest in STEM
have had in meaningfully moving the needle in this regard (see Maltese & Harsh, 2015 for
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examples). This dissertation study explored how theories on interest and motivation can be
considered in conjunction with work done in the areas of community service and purpose
development to explore how STEM interest cultivation can be initiated and potentially
sustained by nurturing youth’s perceptions that engaging in STEM activities and careers can
serve to support the common good.

Conceptual Framework and Connection to the Proposed Research

Building from key theoretical concepts outlined in the literature base on interest and
purpose development, steps have been taken to construct a conceptual framework around how
interest in STEM, STEM self-concept, perceived value of STEM, and STEM-related
aspirations are impacted through participation in STEM-oriented learning activities akin to the
summer programs under consideration in this study. As shown in Figure 1, the framework
begins with youth themselves and what they brought to the STEM learning activity in terms of
their background and an initial interest in STEM, STEM self-concept, perceptions of the value
of STEM, the extent to which they have future goals related to STEM, and their baseline level
of motivation to participate in programming. For example, work done by Durik and
Harackiewicz (2007) demonstrated that youth reactions to instructional enhancements was
mediated by both youth’s level of baseline interest in and self-concept pertaining to STEM
content areas. Many STEM-oriented learning programs seek to impact youth in each of these
areas to enhance the likelihood they will seek to embark upon a STEM pathway that will lead
ultimately to a viable career in a STEM-related field. This portion of the conceptual framework
had ramifications for addressing several of the study’s research questions given the need to
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either control for these characteristics because they were potentially related to the outcomes
being considered in the models that were constructed and failing to control for them could have
potentially biased the result or the characteristic served as a pre-measure in a model oriented at
assessing growth on the outcome in question.

Figure 1. A Proposed Conceptual Framework for Interest Development in STEM

After accounting for the predispositions and experiences influencing youth before they
even enter a STEM learning program, I turn my attention to the extent to which programs
adopted self-transcendent goals and objectives and the degree to which activity leaders within
the confines of a given ESM episode made self-transcendent value statements and/or provided
supports and opportunities related to the pursuit of self-transcendent goals. Drawing from the
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literature base on purpose, interest development, and the formation of prosocial behaviors,
these constructs represent the crux of what the study was attempting to accomplish by
exploring how the presence of these elements may be related to youth experiencing in-themoment situational interest, feelings that what they were doing was important, expressions of
working hard, and engagement while participating in program activities. It was also
hypothesized that youth participation in field-based activities may be related to these situational
experiences in a positive way, especially when combined with self-transcendent program goals
adopted by the program. Finally, within an individual activity session, what youth experienced
would also largely be influenced by the overall instructional quality of the offering. In this
study, quality was determined by the scoring of observational measures of instructional quality.
The domain of supports and opportunities provided by activity leaders which were
believed to promote interest and engagement in STEM activities was first informed both by the
STEM interest cultivation literature (Linnenbrink-Garcia et al., 2013; Shumow & Schmidt,
2014) and the research base defining effective practice in youth development settings (Durlak,
Weissberg, & Pachan, 2010; Gootman & Eccles, 2002; Larson & Dawes, 2015; Smith et al.,
2012; Vandell, Reisner, & Pierce, 2007). Each of these bodies of work points to the role
specific types of supports and opportunities can play in supporting interest development,
including support for youth autonomy so youth experience a sense of agency, choice, and
ownership and efficacy support where activity leaders provide encouragement, scaffolding, and
feedback to support youth in making progress in accomplishing the goals of the activity.
Damon (2008), Bronk (2012), and Yates and Youniss (1996) extend these concepts by
describing the manner in which opportunities for youth to experience a sense of agency
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enhance the likelihood that youth will experience positive moral feelings and greater
confidence that they have the capacity to make a positive difference in the world that may
prompt the seeking out of additional opportunities to help or develop knowledge or skills
pertaining to the area in question. Items used to measure the Supports and Opportunities
Related to the Pursuit of Self-Transcendent Goals construct outlined the domain of practices
believed to be related to and supportive of situational interest, feelings that what they were
doing was important, expressions of working hard, and engagement.
One of the defining characteristics of interest is that it is content or domain specific
(Hidi & Renninger, 2006). A key facet of designing effective learning settings for youth is to
ensure that content is selected carefully by picking those elements of a topic that are simply
more interesting and worth teaching and ensuring that content is delivered in an artful way with
enthusiasm that is anchored to youth’s everyday experiences (Pugh et al., 2015). In some
respects, these practices stand in contrast to the types of youth support and opportunities
detailed in the previous paragraphs, which revolve more around supporting a youth’s sense of
agency in the learning process. Here, the onus is clearly on the work the activity leader does to
create powerful experiences that foster interest by asking youth to plug into the experience the
activity leader has crafted. I see efforts to craft purpose-related experiences for participating
youth to fall within the confines of this category. For the study, a particular focus was placed
on self-transcendent value statements made by activity leaders building from the work of
Shumow & Schmidt (2014) and Durik and Harackiewicz (2007) and applying a purpose-related
lens informed by Damon (2008) and Yeager et al. (2014).
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The first three research question all pertained to documenting the presence of selftranscendent program goals, value statements, and opportunities and supports and exploring
how these program elements may have been related to situational interest, feelings that what
youth were doing was important, expressions of working hard, and engagement. Each of these
questions were predicated on examining what was happening at the point of service delivery
and what youth in-the-moment experiences were based on the ESM data that was collected. For
example, ideally, one of the primary goals of the activity would allow youth to work on
studying or solving a real-world problem, the solution to which would be of benefit to others
beyond the youth involved in the activity. Framing content in ways that demonstrate the
relevance of the problem, anchoring it to youth’s own experiences, and providing opportunities
for youth to be actively involved in discovering possible solutions all would be characteristics
associated with STEM activities seeking to stimulate purpose-related experiences among
participating youth. What is important to keep in mind here is the potential value in using
STEM content and STEM-inspired problem solving to the benefit of others as a vehicle for
building interest in the field by taking the youth outside themselves and considering the needs
of others beyond the self. In this sense, the motivational paradigm for engaging is externally, as
opposed to internally, focused, offering a different set of incentives and rewards for their
continued attention and participation in program activities. Finding evidence that these
hypotheses were supported would help confirm that certain instructional approaches could
serve to both support in-the-moment interest, feelings that what youth were doing was
important, and engagement and create purpose-related experiences for participating youth.
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As shown in Figure 1, over time if (or the extent to which) youth were exposed to and
participated in activities characterized by self-transcendent value statements and supports and
opportunities related to self-transcendent goals for the session, it was expected that youth
would be more likely to have reported having purpose-related experiences on the post-survey
taken at the end of the program, and that these experiences would be related to changes in
youth interest in STEM, their STEM self-concept, perceptions of the value of STEM, and
STEM aspirations. In this sense, over time, situational interest, feelings that what they are
doing is important, expressions of working hard, and engagement were hypothesized to codify
into a more stable attribute of the youth and may have been accompanied by an improved selfconcept, interest in, value perceptions, and aspirations related to STEM content areas. The
viability of these potential relationship is largely seen in work by Bronk (2012) in terms of how
individuals that eventually became purpose exemplars worked through the initial stages of
developing a commitment to their chosen area, while research by Yates & Youniss (1996) and
Yeager et al. (2014) demonstrate how service and reflection on self-transcendent goals for
learning serve to help youth to find meaning in the work they are undertaking in a way that are
likely to support growth on the outcomes of interest. This study tested these hypotheses.

Why Participants, Methods, and Instrumentation Were Chosen

This study relied upon data collected as part of the STEM Interest and Engagement
(STEM IE) study, a National Science Foundation-funded study oriented at supporting the
identification of activity attributes and instructional practices that were associated with youth
in-the-moment interest and engagement in activities provided by nine STEM-oriented summer
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learning programs in two Eastern cities. The focus of the study was on middle-school aged
youth (primarily rising 5th to 9th graders) given research that youth interest starts to decline
significantly as youth make the transition to early adolescence and beyond (Barmby et al.,
2008). Youth served in the STEM IE-enrolled programs were also from largely low-income,
minority households, a population underrepresented in the STEM fields (Beede et al., 2011).
The domain of data methods and instrumentation employed in the STEM IE study were
largely based on protocols and approaches used by the study’s two principal investigators in
similar ESM-based studies taking place in school-day science classrooms (Schmidt & Shumow,
2014; Shumow & Schmidt, 2014). For the proposed study, additional measures were developed
in relation to Supports and Opportunities Related to the Pursuit of Self-Transcendent Goals and
Self-Transcendent Value Statements to allow for the quantification of the extent to which these
practices and statements were present in activities subjected to ESM data collection. Items
developed in relation Supports and Opportunities Related to the Pursuit of Self-Transcendent
Goals were created based on what I hypothesized might be observed in relation to these
practices given the goals and objectives of the programs, a review of curriculum documents and
interview data; and portions of the video observed during efforts to prep the STEM IE data for
analyses associated with the larger NSF-funded study. The protocol used to code for the
presence of self-transcendent value statements was modified from a similar protocol used by
the STEM IE co-investigators (Shumow & Schmidt, 2014) to include items for selftranscendent utility, intrinsic, and attainment value. All other methods and data used to carry
out the proposed study were formulated and collected to support the STEM IE study.

CHAPTER 3

METHODOLOGY

STEM IE Study Sites and Participants

As noted previously, the study relied upon data collected as part of the STEM IE study
funded by the National Science Foundation to explore how interest develops among middle
school-aged youth attending STEM-oriented summer learning programs. Using datasets
compiled from the STEM IE study, analyses were undertaken that were designed to answer the
following set of research questions:
1. To what extent were purpose-related instructional opportunities, supports, and activity
leader value statements available across programs?
2. To what extent were purpose related value statements made by program activity leaders
related to youth-reported, in-the-moment experiences of interest, feelings that what they
were doing was important, working hard, and engagement?
3. To what extent were youth participation in purpose related activities associated with
youth-reported, in-the-moment experiences of interest, feelings that what they were
doing was important, working hard, and engagement?
4. Were youth reports of having purposed-related experiences during the program related
to purpose-related instructional opportunities, supports, and activity leader value
statements?
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5. Were youth reports of purpose-related experiences associated with changes in (a)
individual interest in STEM; (b) a STEM self-concept; (c) perceptions of the value of
STEM and (d) future goals and aspirations related to STEM?
The study focused on nine summer STEM programs located in two Eastern cities.
Programs selected for inclusion in the study ranged from 4 to 6 weeks in duration, offering
STEM-oriented programming daily for 3.5 to 4 hours, four days a week. A short description of
each program can be found in Appendix A. Each program primarily served rising 5th to 9th
graders from low-income households and youth that were primarily Hispanic- (47.5 percent) or
African-American (35.3 percent) (see Table 1). Enrolled youth were evenly split between male
and female youth. A total of 203 youth attended STEM-oriented programming at programs
enrolled in the STEM IE study during the summer of 2015 and provided at least some ESM
data during this period. Given that the majority of the models that were constructed as part of
the study included covariates derived from the youth pre-survey in order to control for youth
interest, self-concept, and perceptions of the value of STEM content at program entry and that
not all youth enrolled in the study had pre-survey data available, a total of 177 of the 203 youth
enrolled in the STEM IE study were actually included in study analyses. As shown in Table 1,
the 177 youth in question were largely consistent with the overall STEM IE population in terms
of demographic make-up.
While enrollment in programming was largely voluntary, anywhere from 11 percent to
84 percent of youth, depending upon the program, indicated on the youth pre-survey that it was
their idea to sign up for programming, while the remainder of participating youth indicated they
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Table 1
Demographic Characteristics of Youth Enrolled in the STEM IE Study

Characteristic

All Youth with ESM Data
(n=203)
#
%

Youth with ESM Data
and Pre-Youth Survey
Data
(n=177)
#
%

Gender
Male
Female

103
100

50.7%
49.3%

89
88

50.3%
49.7%

Race/Ethnicity
Hispanic
Black
Asian
White
Multiracial
Missing

97
72
14
13
5
2

47.8%
35.5%
6.9%
6.4%
2.5%
1.0%

83
64
13
12
4
1

46.9%
36.2%
7.3%
6.8%
2.3%
.6%

Grade Level
5
6
7
8
9
10
Missing

1
54
54
58
20
2
14

.5%
26.6%
26.6%
28.6%
9.9%
1.0%
6.9%

0
50
47
49
18
2
11

0.0%
28.2%
26.6%
27.7%
10.2%
1.1%
6.2%
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were attending because their parents, friends, school-day teachers, or afterschool activity
leaders wanted them to sign up. Youth with both ESM and pre-survey data attended STEM
programming for average of 15.63 days during the summer of 2015, a level consistent with the
overall STEM IE study population (see Table 2).

Table 2
Mean Days of Summer STEM Program Attendance

Mean days attended
(SD)

All Youth with ESM Data
(n=198)

Youth with ESM Data and
Pre-Youth Survey Data
(n=174)

15.34 (6.05)

15.63 (5.99)

Programs were staffed by a combination of certified, school-day teachers and
community educators and youth development workers employed by non-profit organizations
located in the communities in question. Overall, the majority of the activity leaders delivering
STEM programming to youth enrolled in the study were white, female, had at least a college
education, and had worked in the program for less than two years (see Table 3). Just under half
of activity leaders also held a teaching credential.
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Table 3
Activity Leader Characteristics

Characteristic

Activity Leaders
(n=33)
#
%

Gender
Male
Female

11
22

33.3%
66.7%

Race/Ethnicity
White
Black
Hispanic
Missing

21
9
1
2

63.6%
27.3%
3.0%
6.1%

Teaching Credential
Yes
No
Missing

15
17
1

45.5%
51.5%
3.0%

1
4
12

3.0%
12.1%
36.4%

6
9
1

18.8%
27.3%
3.0%

12
10
7
1
1
2

36.4%
30.3%
21.2%
3.0%
3.0%
6.1%

Education
Completed high school or GED
Some college
Completed four-year college
degree
Some graduate work
Master’s degree or higher
Missing
Years Working in the Program
1
2
3
4
5
Missing
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Study Measures and Procedures

Study Data-Youth Survey

Youth survey scales employed during study data collection activities were largely
predicated on measures used in previous STEM-related research. For example, items and scales
appearing on the pre and post versions of the youth survey designed to measure STEM interest,
self-concept, value, and career aspirations came from validated instruments developed by
Wigfield and Eccles (2000), Harackiewicz, Durik, Barron, Linnenbrink-Garcia, and Tauer
(2008), and Shumow and Schmidt (2014). Each of these scales were used in previous studies
exploring these constructs with respect to STEM. Separate scales appeared on the survey for
science, mathematics, and building given that these were the STEM-related content areas
programs enrolled in the study were addressing. Post versions of the survey also included
questions related to program experiences and perceived program impact, including questions
related to purpose-related experiences. Pre-survey data were collected from 177 youth with
ESM data, while both pre- and post-survey data were collected from 142 youth. Surveys were
read directly to youth by members of the STEM IE research team during the first (pre-survey)
and final (post-survey) site visits conducted as part of the study. Both the pre- and post-version
of the youth surveys can be found in Appendix B.
Study Data – ESM

ESM data was collected employing instrumentation developed by Shumow and Schmidt
(2014) in relation to their study of instructional practices that lead to in-the-moment interest
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and engagement in high school science classrooms. This instrumentation and methods of data
collection have proven effective in garnering in-the-moment, subjective experiences of
participating youth. In order to collect ESM data, each youth enrolled in the STEM IE study
was given a phone at the start of the morning STEM-oriented programming on six days when
visits were conducted by members of the research team during weeks 2 through 4 of the
program. During the STEM programming window, youth were typically signaled at four
random time points to complete a brief survey on their phone about what they were
experiencing at the time the signal was issued. Youth completed the same survey at each signal
which took about a minute or two to complete. Each survey contained questions pertaining to
youth perceptions on how interesting, challenging, and important the activity was to them; what
they were experiencing as they were signaled; and their emotional state. These data were
critical to understanding the process by which self-transcendent-oriented instructional
approaches may have been related to youth in-the-moment interest and engagement and what
intermediate processes and experiences may have been in play that help connect instructional
practices and summative youth experiences in programming. A total of 2,544 completed ESM
surveys were collected from the 177 youth enrolled in the STEM IE study that also pre-survey
data in response to 237 signals that were codable from the video. A copy of the ESM form can
be found in Appendix C.
Study Data – Video Data

During the course of the STEM IE study, nearly 180 hours of video footage was
collected associated with the six days the research team was onsite collecting ESM data at a
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given program. This video footage was broken down into smaller, 15-minute segments and
then coded using a variety of protocols and measures by members of the STEM IE research
team. A total of 237 video segments were coded by members of the STEM IE research team.
Study Data – Interview Data

The interview data collected as part of STEM IE was based on a protocol collectively
developed by the STEM IE research team to isolate examples of programming where youth
were especially engaged in the activities being provided based on ESM data. Questions asked
on the protocol also asked staff to describe the goals and objectives pertaining to the program.
Responses to this question were coded to indicate whether or not a self-transcendent goal or
objective was adopted by the program in question. A total of 28 of the 33 activity leaders
associated with the delivery of STEM IE programming were involved in the interviews. A copy
of the interview protocol can be found in Appendix D.
Study Data – Youth Demographic Data

During the course of the STEM IE study, steps were taken by the research team to
obtain demographic data from each school district associated with the programs enrolled in the
study. Data on youth gender, race/ethnicity, and grade level were used to carry out the study
described here.
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Study Measures

In order to undertake the proposed study, data collected from the STEM IE study were
used to assemble a number of key program-, youth-, and episode-level constructs related to
both interest development and purpose-related experiences, including the following.
Program-Level Constructs and Variables
1. Self-Transcendent Program Goals and Objectives – Some of the programs enrolled
in the STEM IE study had formally adopted goals and objectives which could be
classified as oriented toward supporting the cultivation of purpose-related
experiences among participating youth given an emphasis on youth developing a
sense of responsibility for or contributing to the well-being of others or their
community. Such goals and objectives were identified from the interviews
conducted with program staff. Self-transcendent program goals and objectives had a
tendency to fall within two primary categories: (1) program goals and objectives
associated with imbuing youth with a sense of stewardship in relation to the local
ecosystem or in protecting endangered habitats or species or (2) working toward the
completion of a culminating project that was meant to be beneficial to the school
community. A dichotomous variable was created at the program level to indicate if a
program enrolled in the STEM IE study had adopted a self-transcendent program
goal or objective.
Youth-Level
2. Individual STEM Interest - Individual interest represents the stage of interest
development where interest in a topic is enduring and stable (Hidi & Renninger,
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2006; Schiefele, 2009). After it has been well developed, individual interest can be
self-generated and maintained, and there is no longer a need for someone else to
make the content or topic in question interesting. Individual interest was measured
using a series of forced-choice items appearing on the survey administered to youth
at the start and end of summer programming. Interest is domain specific (Renninger
& Hidi, 2011), and interest was measured separately for science, mathematics, and
building on the pre- and post-surveys depending upon which content areas were
being addressed by a given program during the span of the summer session.
Informed by work by Harackiewicz et al. (2008), the following domain of items
were used to assess youth interest in a given content area: (1) I am interested in
science/math/building; (2) At school, science/math/building is fun; and (3) I have
always been fascinated by science/math/building. Youth responded to these items
using a four-point rating scale: (1) Not at all true; (2) A little true; (3) Somewhat
true; and (4) Really true.
3. STEM Self-Concept – Self-concept refers to a youth’s perceived sense of
competence in STEM-related content areas; their perceived ability to do well when
completing tasks related to that area; and their expectations for success in
completing tasks related to that content areas in the future (Durik et al., 2015).
STEM self-concept was measured separately for the three primary content areas
under consideration (i.e., science, mathematics, and building) using a scale that
appeared on the pre and post versions of the youth survey comprised of the
following three items: (1) I am good at science/math/building; (2) At school, I
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expect to do well in science/math/building; and (3) I would be good at learning
something new in science/math/building. Youth responded to these items using a
four-point rating scale: (1) Not at all true; (2) A little true; (3) Somewhat true; and
(4) Really true.

4. STEM Value – The focus here is on the extent to which youth perceive STEM or
STEM content as being useful for some purpose. Researchers would describe this as
representative of utility value which pertains to the extent to which participation in
an activity or learning more about a particular content area will help facilitate the
achievement of short- or long-term goals important to the individual in question or
will prove useful in life more generally (Eccles et al., 2015). Two value-related
scales were constructed from pre-post survey results: (1) one scale pertaining to the
general utility value associated with the STEM content area in question (i.e.,
science, math, or building) and (2) one scale pertaining to the importance of STEM
for college and career success. The general value scale was comprised of the
following three items: (1) It is important to me to be good at science/math/building;
(2) What we study in science class/math class/about building things is useful to
know; and (3) I can see how what I learn from science/math applies to life/I can
apply what we learn about building things to real life. In addition, a separate scale
was constructed around how youth perceived each content area to be useful for
college or a career. This scale was comprised of the following two items: (1)
Science/Math/Building will be important to me for college and (2)
Science/Math/Building will be important to me for a career. Youth responded to
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these items using a four-point rating scale: (1) Not at all true; (2) A little true; (3)
Somewhat true; and (4) Really true.
5. STEM Aspirations – STEM aspirations pertain to the extent to which youth are
inclined to pursue a STEM-related career or program of study and consider the idea
of doing so worthy of consideration. Three force-choice items appeared on both the
pre and post versions of the youth survey to assess youths’ inclinations toward
STEM-oriented programs of study and careers. The following three closed response
items were used to craft a separate future aspirations scale predicated on the extent
to which youth agreed with the item in question: (1) It would be interesting to work
in a science or computer laboratory; (2) In my future job, I would like to use the
science and math I learn in school; and (3) I would seriously think about becoming
a scientist, mathematician, or engineer when I finish school. Youth responded to
these items using a four-point agreement scale: (1) Disagree a lot; (2) Disagree a
little; (3) Agree a little; and (4) Agree a lot.
6. Purpose-related experiences – Participation in activities with a service orientation
can raise both awareness of the needs of others and induce strong feelings of care
and empathy for the plight of others and one’s community (Eisenberg, Wentzel, &
Harris, 1998; Yates & Youniss, 1996), as well as self-worth engendered through
working for the benefit of others beyond the self (Bronk, 2012; Dawes & Larson,
2011). In the study, purpose-related experiences were based on two responses
provided to a question asked on the post youth survey regarding how youth
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perceived participation in the program impacted them: (1) Coming here has helped
me to learn about things that are important to my community or the environment
and (2) Coming here has helped me to feel good because I was helping my
community or the environment. Youth responded to these items using a four-point
rating scale: (1) Not at all true; (2) A little true; (3) Somewhat true; and (4) Really
true.

Steps were also taken to assess how each of the aforementioned youth-survey scales
functioned from a reliability and validity standpoint based on pre- and post-youth survey data
collected as part of the STEM IE study. Rasch analysis approaches were used to calibrate
survey scale scores using the Rasch rating scale model (Andrich, 1978) in Winsteps (a software
program for conducting Rasch-related analyses). This approach better addressed issues related
to missing data; supported efforts to more meaningfully assess changes between pre- and postsurvey administration; and allowed for the refinement of measures if needed by examining how
the scales were functioning from a psychometric perspective. More specifically, these
approaches allowed for the following facets of measure functioning to be assessed for each of
the scales outlined in Table 4.
•

Whether or not the scale was characterized by notable ceiling or floor effects.

•

Scale reliability, both in terms of Cronbach’s Alpha and the Rasch separation index,
which specifies how reliably the scale was able to distinguish respondents from each
other based on their scale scores.
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•

Rating scale functioning, more specifically did rating scale options need to be
collapsed given respondent difficulty in distinguishing the difference between
adjoining options.

•

Item fit - did all the items making up a scale fit well within that scale.

•

Unidimensionality of the scale - was the scale characterized by a single underlying
factor.

The domain of scales appearing on both the pre- and post-versions of the youth survey
that were calibrated using Rasch approaches are outlined in Table 4. Additional information on
how these calibrations were undertaken can be found in Appendix E.
Each of the survey scales were found to function reasonably well across each of the five
facets of measure functioning explored. Reliability estimates for each of these scales is shown
in Table 4. The only scale which proved to be functioning slightly lower than ideal was the presurvey version of the STEM Aspirations - Future Plans scale predicated on three items where
the Rasch separation index was found to be slightly below the desired threshold of .60.
Rasch calibrations were also performed to assess how well the two-item scale on
purpose-related experiences from the post-survey was functioning. Here again, the scale was
found to be sound from a psychometric perspective with a Cronbach’s Alpha of .90 and an a
Rasch separation index of .78.
With the exception of STEM Aspirations, it is also important to note that the pre-post
scales outlined in Table 4 (i.e., interest, self-concept, value – college or career, and value –
general) were not universally completed by all youth enrolled in the study. Questions related to
science, mathematics, and building were only asked on those surveys where the program
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Table 4
Summary of Reliability Estimates by Youth Survey Scale and by Administration

Scale
Individual STEM
Interest
Math
Science
Building

Pre-Administration
Rasch
Cronbach’s
Separation
Alpha
Index

Post-Administration
Rasch
Cronbach’s
Separation
Alpha
Index

0.91
0.86
0.84

0.81
0.74
0.71

0.88
0.91
0.88

0.78
0.76
0.72

STEM SelfConcept
Math
Science
Building

0.86
0.89
0.88

0.77
0.78
0.77

0.86
0.89
0.90

0.75
0.79
0.80

STEM Value General
Math
Science
Building

0.88
0.81
0.9

0.69
0.76
0.81

0.84
0.91
0.88

0.7
0.79
0.79

STEM Value –
Career/ Education
Math
Science
Building

0.80
0.88
0.92

0.65
0.79
0.76

0.88
0.90
0.92

0.68
0.81
0.76

STEM Aspirations
– Future Plans

0.77

0.59

0.79

0.63
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indicated they would be offering substantive content in that area. As a consequence, in
preparing variables to be included in the models constructed to answer the study’s questions, a
primary content area was identified for each youth. As part of the video coding process, raters
identified the primary content area of each programming segment preceding a given ESM
signal. Youth were assigned the content area they were found to have attended most based on
the content coding associated with each ESM signal. As shown in Table 5, 88 of the 177 youth
with pre-survey and ESM data were classified as having largely attended sessions where
science was the predominant content area, 52 in mathematics, and 37 in building. Mean presurvey scores across each scale can also be found in Table 5, as well as which portion of the
rating scale the mean score fell within based on the scale score calibrations completed using
Rasch analysis techniques. Similar information can be found in Table 6 in relation to the of
STEM aspirations and purpose-related experiences scales.
In constructing models using the scales identified in Table 5, each youth had a primary
interest, self-concept, value – college or career, and value – general score. Dummy variables
were also used to signify which content area the primary score was associated with when the
primary variables were included in the models constructed to answer core research questions.
In addition, as shown in Table 7, variables related to interest, self-concept, value – college or
career, value – general score, and STEM aspirations were also found to be moderately to
strongly correlated. As a consequence, when formulating study models, steps were taken to be
parsimonious in including this domain of variables in models together in order to reduce the
likelihood of experiencing issues of multicollinearity.
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Table 5
Youth Pre-Survey Content Areas Mean Scores and Response Categories

Scale

% of Youth
Respondents
Survey
(n=177)
Respondents

Mean (SD)

Mean
Response
Category

Science
Interest - Primary

88

49.7%

2.74 (.77)

Somewhat
true

Self-Concept - Primary

88

49.7%

2.82 (.80)

Somewhat
true

Value – College or Career Primary

87

49.2%

2.91 (.94)

Somewhat
true

Value – General - Primary

87

49.2%

2.94 (.86)

Somewhat
true

Interest - Primary

52

29.4%

2.42 (.94)

A little true

Self-Concept - Primary

52

29.4%

2.80 (.81)

Somewhat
true

Value – College or Career –
Primary

52

29.4%

3.31 (.92)

Somewhat
true

Value – General - Primary

52

29.4%

2.94 (.80)

Somewhat
true

Interest - Primary

37

20.9%

2.86 (.80)

Somewhat
true

Self-Concept - Primary

36

20.3%

2.76 (.91)

Somewhat
true

Value – College or Career –
Primary

36

20.3%

2.70 (1.06)

Somewhat
true

Value – General - Primary

36

20.3%

2.84 (.92)

Somewhat
true

Mathematics

Building
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Table 6
Mean Scores and Response Categories for Other Youth Survey Scales

Scale

% of Youth
Survey
Respondents Respondents

Mean (SD)

Mean
Response
Category

STEM Aspirations - Future
Plans

175

98.9%

2.40 (.93)

Agree a little

Purposed-Related
Experienced

141

79.7%

2.89 (.93)

Somewhat
true

Table 7
Correlation Among Pre-Survey Scales

Scale

Interest

Self-Concept

.769**

Value – College or
Career

.468**

.452**

Value – General

.659**

.672**

.579**

Future Aspirations

.428**

.379**

.429**

Note. ** p < .01.

Self-Concept

Value –
College or
Career

Value –
General

.343**
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Additional youth-level measures examined as part of the study included the following:
7. Youth Motivation to Attend Programming – The following question was asked on
the youth pre-survey in order to get a sense of what a youth’s baseline level of
motivation was to participate in the summer program: How much have you been
looking forward to this summer program? The following domain of responses were
available on the survey: (1) Not at all. I don’t want to be here; (2) I have been sort
of looking forward to it; and (3) I have been really looking forward to it. It was
hypothesized that the baseline level of motivation demonstrated by youth at
program entry to participate in the program would potentially be related to the
degree to which youth demonstrated interest and engagement in program activities.
A dichotomous variable was constructed to present the contrast between youth that
endorsed Not at all. I don’t want to be here (coded as 0) and those expressing at
least some motivation to attend programming by endorsing one of the two other
response options (coded as 1). Eighty-nine percent of pre-surveys responses on this
variable were coded as 1.
8. Youth Characteristics – Data on youth demographic characteristics (i.e., gender,
race, and grade level) were obtained from the school districts associated with the
STEM summer learning programs included in the study; program staff; and
members of the research team conducting observations (the latter two sources were
relied on when data was not able to be provided by the districts). Dummy variables
were included in study models to signify females (50.3 percent); youth enrolled in
grades 7 and 8 (57.8 percent); youth enrolled in grades 9 and 10 (12 percent); youth
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identified as Hispanic (46.9 percent); and youth identified as African-American
(36.2 percent).
9. Youth Program Attendance – In order for youth to potentially benefit from
participation in STEM-oriented summer learning programs, they needed to attend
programming on a regular and sustained basis. All programs enrolled in the study
employed a web-based data collection tool to track program attendance by enrolled
youth. A single variable was constructed in this instance to summarize the total
number of days youth attended programming (M = 15.63, SD = 5.99, with a range of
1 to 25 days).
Episode-Level Constructs and Variables
10. Supports and Opportunities Related to the Pursuit of Self-Transcendent Goals – A
key component of the study was exploring how supports and opportunities related to
the pursuit of self-transcendent goals may be related to (a) in-the-moment interest,
feelings that what they were doing was important, expressions of working hard, and
engagement; (b) purpose-related experiences reported by youth at the end of
programming; and (c) changes in youth interest, self-concept, perceptions of value,
and aspirations related to STEM. The presence of such supports and opportunities
were assessed by coding the 237, 15-minute video segments of those activities
occurring just prior to an ESM signal being issued. Observers looked for the
presence of the following practices employing a modified version of the STEM
version of the Youth Program Quality Assessment (YPQA; Forum for Youth
Investment, 2012):
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a. Staff make statements which define or articulate the causes of a local,
community, environmental, and/or societal problem.
b. Staff make statements about the need for action to be taken to preserve, protect,
or advance a local ecosystem, species, or community.
c. Staff ask youth to reflect on what should be done to preserve, protect, or
advance a local ecosystem, species, or community.
d. Youth work on creating and/or delivering products, presentations, or projects
that are meant to educate others about the causes of a community or societal
problem and/or possible solutions.
e. Youth are working on creating a product or completing a project which is
directly helpful to others.
f. Youth collect and/or analyze information that will help describe or inform
solutions to local or community problems.
For each ESM episode, a variable was created which represented if any of these
practices were observed during the 15 minutes of programming prior to issuance of
the ESM signal. The extent to which these supports and opportunities were present
will be addressed in the results section for research question 1. The full checklist of
YPQA-related items scored can be found in Appendix F.
11. Self-Transcendent Value Statements – Additionally, the 15 minutes of program time
occurring before issuance of a given ESM signal was assessed to identify any valuerelated statements made by activity leaders that may have been of a selftranscendent nature that highlighted the positive value associated with STEM
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content areas. These statements were classified as falling within one of the
following categories: (1) High self-transcendent utility value (e.g., STEM is useful
for supporting a self-transcendent purpose like preserving the local ecosystem,
accomplishing a collective program goal which is oriented at helping others, etc.);
High self-transcendent intrinsic value (e.g., comments indicating youth will have
positive feelings by working for the betterment of others/making a contribution;
comments made by the activity leader that are oriented at sparking sympathy,
outrage, or concern, etc.); and (3) High self-transcendent attainment value (e.g.,
reference to youth as being caring, giving, and willing to help/make a difference for
others, etc.). The full protocol used to score each video segment for the presence of
these value statements can be found in Appendix G. For each ESM episode, a
variable was created which represents whether or not one or more self-transcendent
value statement of any type was observed during the 15 minutes of programming
prior to issuance of the ESM signal. The extent to which activity leaders made these
types of statements will be addressed in the results section for research question 1
12. Episode Quality – In order for youth to experience a developmentally-appropriate
and engaging learning environment, the setting should be characterized by
instructional elements, supports, and opportunities that can be deemed to be high
quality. In order to assess individual episodes in this manner, video segments
occurring just prior to the issuance of an ESM signal were coded using portions of
the upper elementary version of the Classroom Assessment Scoring System
(CLASS; Pianta et al., 2012). The following CLASS items were combined into a
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single CLASS scale score to rate the quality of the activities associated with a given
video segment: (1) Productivity; (2) Instructional Learning Formats; (3) Content
Understanding; (4) Analysis and Inquiry; (5) Quality of Feedback; and (6)
Instructional Dialogue. The portions of the CLASS we used assessed the extent to
which activity leaders provided opportunities and supports that push youth thinking
and cultivate a deeper understanding of the content being explored. Rasch analysis
techniques were used to create the composite CLASS score (M = 3.77 on a sevenpoint scale, SD = 1.11). The resulting scale was found to be sound from a
psychometric perspective with a Cronbach’s Alpha of .90 and an a Rasch separation
index of .89.

13. Field-Based Setting – Some of the programs enrolled in the STEM IE study
afforded youth the opportunity to engage in STEM learning environments outside
the confines of the classroom, allowing youth to directly interact with a local
ecosystem or their local community. In coding study video, an effort was made to
specifically look for examples of activities that took place in the community, STEM
content was present, and the community space was critical to the activity (the
activity couldn’t be undertaken outside that location). For example, in several
programs activities took place in natural settings that were essential for observing or
experiencing phenomena related to program content, like the role salt marshes play
in protecting communities from storm surges caused by hurricanes and
understanding how those marshes form and thrive and what puts them at risk. It was
hypothesized that such experiences may be positively related to interest
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development, feelings that what they were doing was important, expressions of
working hard and engagement directly. It was also hypothesized that being in a
field-based setting may interact with self-transcendent goals for the program to
further enhance these in-the-moment outcomes for participating youth. Using data
summarizing the time dedicated to field-based activities coded from the video, a
dichotomous variable was created to indicate if activities associated with the 15minutes period before the ESM signal was issued were occurring in a field-based
setting. A total of 44 or 18.6 percent of scored video segments took place in a fieldbased setting.
14. Situational Interest – Situational interest is a temporary, in-the-moment expression
of interest in response to something that is out of the ordinary, relevant to important
aspects of one’s life, or emotionally compelling; it is often generated because a
connection is made to something relevant to the youth in question (Renninger, 1992;
Schiefele, 2009). Data on situational interest was collected as part of the ESM
survey process to obtain youth-reported, in-the-moment feelings of interest through
the following item appearing on the Experience Sampling Form (ESF) used to
collect youth responses - Was the main activity interesting? Youth responded to this
item using a four-point rating scale: (1) Not at all; (2) A little; (3) Somewhat; and (4)
Very much.

15. Situational Feelings That What They Were Doing Was Important. Seeing science
and related STEM content as relevant is a strong indicator of whether youth will
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value STEM, become engaged in it, and persist in it (Koballa & Glynn, 2007).
Promoting relevance has been shown to be the best of all strategies for triggering
and sustaining interest and engagement (Assor, Kaplan, & Roth, 2002). However,
for this study, a greater degree of interest was focused on whether or not youth
perceived what they were doing as being important for accomplishing a selftranscendent goal or purpose wherein STEM content has applicability to supporting
a larger societal or community goal or aim. Findings compiled by Dawes and
Larson (2011) found that youth development programs that facilitated youth in
working toward accomplishing moral, civic, and social change goals helped youth
form personal connections to and enhanced their engagement in program activities
would seem to support this concept. There was not an item on the ESM form used to
collect data during the STEM IE study that addressed this phenomenon directly;
however, there was an item asked on the form which gets at the issue of how
important youth perceived the activity to be that they were participating in: Was the
main activity important to you? This item was used to explore how self-transcendent
statements and session goals may be related to youth feeling a sense of importance
in what they are participating in at the time ESM signals were issued. Here again,
youth responded to this item using a four-point rating scale: (1) Not at all; (2) A
little; (3) Somewhat; and (4) Very much.
16. Situational Expressions of Working Hard – Yeager et al. (2014) demonstrated that
interventions designed to get youth to reflect on their own self-transcendent goals
for learning (i.e., goals oriented at helping others or making a contribution to
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society) can result in youth reporting a greater sense of personal meaning in
undertaking school-related tasks, even when the tasks in question were tedious and
less than exciting. Based on these findings, it was also hypothesized that youth
would report working harder on the activity in question when that activity was tied
to self-transcendent supports and opportunities and value statements made by
activity leaders. This construct was based on the following item appearing on the
experience sampling form: As you were signaled, how hard were you working?
Here again, youth responded to this item using a four-point rating scale: (1) Not at
all; (2) A little; (3) Somewhat; and (4) Very much.

17. Situational Engagement – Many studies oriented at measuring in-the-moment
engagement base their conceptualization of engagement on the concept of flow as
articulated by Csikszentmihalyi (1990), which is predicated on the simultaneous
experience of interest, concentration, and enjoyment (Shernoff & Vandell, 2007). In
this sense, engagement is generally seen as a composite variable predicated on a set
of discrete experiences happening in-the-moment for participating youth.
Engagement was measured employing four items from the ESM form: (1) As you
were signaled, how well were you concentrating? (2) As you were signaled, how
hard were you working? (3) As you were signaled, did you enjoy what you are
doing? and (4) Was the main activity interesting? It is important to note that there
was some overlap conceptually in how engagement was defined and some of the
other ESM variables included in study models, specifically situational interest and
expressions of working hard. This was done to both explore the relationship
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between self-transcendent activities and statements and specific youth experiences
and more complicated constructs like engagement. As previously noted, the ESM
form utilized the following rating scale for the items in question: (1) Not at all; (2) A
little; (3) Somewhat; and (4) Very much. Since this measure was predicated on a
series of items obtained from the ESM form, the scale score was constructed
employing Rasch analysis techniques. The resulting scale was found to be sound
from a psychometric perspective with a Cronbach’s Alpha of .85 and an a Rasch
separation index of .73.
In table 8, mean scores and standard deviations are outlined for each of the ESM
constructs employed in the study. Results are shown for only those youth that also had presurvey data and that were associated with the 237 video segments that could be coded for
self-transcendent supports, opportunities, and value statements.

Table 8
Mean Scores by ESM Construct
Responses
(n=2,544)

Mean (SD)

Situational Interest

2,544

2.89 (1.05)

Situational Feelings That What
They Were Doing Was Important

2,543

2.68 (1.08)

Situational Working Hard

2,533

2.85 (1.03)

Situational Engagement

2,544

2.78 (.80)

ESM Scales
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As shown in Table 9, the ESM-based constructs outlined in Table 8 were also found to be
moderately to significantly correlated. As a consequence, steps were taken when running study
models to not include more than one ESM construct in the model in question in order to reduce
the likelihood of experiencing issues of multicollinearity.

Table 9
Correlation Among ESM Constructs
Situational
Interest

Situational …
Important

Situational Feelings That What
They Were Doing Was
Important

.557**

Situational Working Hard

.536**

.500**

Situational Engagement

.820**

.645**

Situational
Working Hard

.807**

Note. ** p < .01.

Analysis Approach

The study was a correlative and descriptive one given that the manner in which STEM
IE data was collected would only support this type of design. A variety of correlative analysis
techniques, particularly hierarchical linear modeling (Raudenbush & Bryk, 2002), were used to
explore the relationship between self-transcendent opportunities, supports, and statements
provided by activity leaders, youth experiences in programming, and changes in youth interest,
self-concept, perception of value, and aspirations related to STEM. These approaches helped
control for key program and youth characteristics that may have been related to youth having
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purposed-related experiences in programming and changes in the domain of youth outcomes
examined, thereby allowing for a more robust assessment of how self-transcendent
opportunities, supports, and statements may have been related to youth having purpose-related
experiences in programming. In the sections that follow, the analytic approach employed to
address each research question is outlined:
Research Question 1 - To what extent were purpose-related instructional opportunities,
supports, and activity leader value statements available across programs?
The approach to answering this question was purely descriptive. The focus here was on
describing how much variation there was across programs in terms of self-transcendent
supports and opportunities and self-transcendent value statements across the domain of
programs enrolled in the study, including how the presence of these components varied
depending upon whether the program had adopted formal goals and objectives of a selftranscendent nature.

Research Question 2 - To what extent were purpose-related value statements made by program
activity leaders related to youth-reported, in-the-moment experiences of interest, feelings that
what they were doing was important, working hard, and engagement?
Cross-classified hierarchical linear modeling was used to address this question using the
R computer program. This approach was used because the multiple responses provided by the
same youth across multiple ESM episodes were likely to be related to one another, while ESM
responses associated with a given episode were also likely to be related to one another, thereby
violating assumptions about the independence of the model residuals. Cross-classified
hierarchical linear modeling provides a solution to this problem. A series of three-level models
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were constructed and run, with programs at level 3; youth and ESM episodes at level 2; and
youth-level, individual ESM responses at level 1 (see Appendix H for more details). No level 3
covariates were included in the models constructed to address research question 2 given
concerns about data loss. Level 2 covariates pertaining to characteristics of the programming
environment at the time the ESM signal was issues included the CLASS-derived quality score
for the episode (episode quality); whether or not the episode took place in a field-based setting
(field-based setting); and if any self-transcendent value statements were made by activity
leaders during the span of the 15 minutes preceding the ESM signal (self-transcendent value
statements). While Level 2 covariates related to youth demographic characteristics (i.e., gender,
race/ethnicity, and grade level) were explored in initial runs of these models, none were found
to be related to the youth-reported, in-the-moment experiences under consideration, so
therefore were not included in the final models. Youth motivation to attend programming was
also included in all models related to this research question, as were variables pertaining to
youth pre-interest (individual STEM interest), along with dummy variables to indicate if the
interest score in question pertained to science, mathematics, or building. Separate models were
run for situational interest, situational feelings that what youth were doing was important,
situational expressions of working hard, and situational engagement as outcomes.

Research Question 3 - To what extent was youth participation in purpose related activities
associated with youth-reported, in-the-moment experiences of interest, feelings that what they
were doing was important, working hard, and engagement?
The approach to answering question 3 was exactly the same as the approach for
research question 2 in terms of model design and covariate inclusion in the model (see
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Appendix H). The only modification was at level 1 where the predictor of interest pertained to
the presence of any supports and opportunities related to the pursuit of self-transcendent goals
observed during the ESM episode when scoring the modified YPQA-based observation tool, as
opposed to self-transcendent value statements made by activity leaders which was the focus of
research question 2. Steps were also taken to include one level 3 covariate in some of these
models that indicated whether or not the program had identified a self-transcendent program
goal or objective (self-transcendent program goals and objectives) based on interview data that
was reviewed

Research Question 4 - Were youth reports of having purposed-related experiences during the
program related to purpose-related instructional opportunities, supports, and activity leader
value statements? In this case, a series of two-level hierarchical linear models were run with
programs at level 2 and youth at level 1 in the HLM 6.0 computer program (see Appendix H).
Here again, initial iterations of the models constructed to answer research question 4 contained
demographic variables at level 1, but these variables were ultimately dropped when they were
not found to be related to the outcomes examined. A similar outcome occurred when an effort
was made to add Youth motivation to attend programming to the model. Level 1, youth-level
covariates retained in these models included (a) days of programming attended (youth program
attendance); (b) pre-survey scale scores pertaining to youth perceptions of the value of STEM
for college and a career (STEM value for college and career success) and related dummy codes
to indicate if that value pertained to mathematics, science, or building; and (c) mean ESM
scores for situational variables found to be related to self-transcendent statements and activities
as part of the analyses associated with research questions 2 and 3.
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Level 2 covariates included (a) the total number episodes where any self-transcendent
value statements were made; (b) the number of episodes where any supports and opportunities
related to the pursuit of self-transcendent goals were afforded to youth; and (c) whether or not
the program had self-transcendent program goals and objectives. Additional level 2 covariates
pertaining to the mean, program-level episode quality score and the number of activities taking
place in a field-based setting were found not to be related to the outcome of interest and
dropped from the final models. The dependent variable of interest in the models constructed to
address research question 4 was the youth’s score on the purpose-related experiences scale
calculated from items appearing on the post-survey.

Research Question 5 - Were youth reports of purpose-related experiences associated with
changes in (a) individual interest in STEM; (b) a STEM self-concept; (c) perceptions of the
value of STEM and (d) future goals and aspirations related to STEM?
The modeling approach described in relation to research question 4 was largely adopted
in relation to addressing research question 5, with level 1 representing youth and level 2
programs (see Appendix H). Models employed to address research question 5 were oriented at
assessing changes in individual interest, self-concept, perceptions of value, and future goals and
aspirations related to STEM, so the outcome of interest was the score obtained from the postsurvey for a given construct, while the pre-survey value was used as a level 1 covariate. Other
level 1 covariates assessed in these models included the youth’s score on the purpose-related
experiences scale and the youth’s mean score on situational ESM variables found to be
significant in relation to research questions 2 to 4.

CHAPTER 4

RESULTS
Research Question 1 – Presence of Purpose-Related Instructional Opportunities, Supports, and
Activity Leader Value Statements

The first purpose of the study was to understand how prevalent self-transcendentoriented program goals and objectives, supports and opportunities, and activity leader
statements were during the span of summer programming provided at the nine programs
studied. Interview data was coded to determine whether program activity leaders indicated that
a formal goal of the program was to support the cultivation of purpose-related experiences
among participating youth. Activity leader statements were examined to ascertain whether
there was an emphasis on youth developing a sense of responsibility for or contributing to the
well-being of others or their community. As shown in Table 10, evidence that a given program
had a formal goal or objective to deliver purpose-related experiences to participating youth was
found to exist in relation to five of the nine programs enrolled in the study.
Self-transcendent program goals and objectives had a tendency to fall within two
primary categories: (1) program goals and objectives associated with imbuing youth with a
sense of stewardship in relation to the local ecosystem or in protecting endangered habitats or
species or (2) working toward the completion of a culminating project that was meant to be
beneficial to the school community. The first category was the more prevalent of the two, and
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Table 10
STEM IE Programs by Articulation of Self-Transcendent Program Goals and Objectives
Program
Adventures in Mathematics
Building Mania
Comunidad de Aprendizaje
Island Explorers
Jefferson House
Marine Investigators
The Ecosphere
Uptown Architecture
Zoology Partners

Self-Transcendent
Program Goals and
Objectives
No
No
No
Yes
No
Yes
Yes
Yes
Yes

four of the five programs articulating self-transcendent goals and objective could be classified
in this category (Island Explorers, Marine Investigators, The Ecosphere, and Zoology Partners).
Each of these programs had substantive components that involved youth interacting with a
local ecosystem and/or wildlife in a field-based setting. This direct interaction with the
ecosystem and/or wildlife was a key program component of getting youth to think about the
endangered status of the ecosystem or wildlife in question and reflect on the role humans have
in serving as good stewards to preserve the viability of these environments and the species that
inhabit them. This is how one activity leader from Marine Investigators talked about what they
were trying to accomplish with youth:
Ultimately, we want to create future stewards for Narragansett Bay and informed
citizens, so when it comes time for these students to be able to have a voting privilege,
when they're at the polls, are actually informed about a clean water decision, that
Wetlands Protection Act or just anything to do with Narragansett Bay or the
environment as a whole. The more education people have, then the more informed
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decisions that they can make. Whether it’s pro or negative, at least they have the
information behind their decision.

One program, Uptown Architecture, fell in the second primary category. The
overarching goal of this program was to design and construct an outdoor classroom space for
the school at which the program was housed. The emphasis here was on leaving a positive
mark on the school community that would benefit the school for years to come. One activity
leader described the goal of the program this way: “I guess our goal is to introduce students to
the design process, while serving a community purpose and achieving a built structure by the
end of the program, which is a lot for just four weeks.” Another activity leader from Uptown
Architecture later added, “I think by the end of it, especially in like three or four days [into the
build] they started to take a lot more pride in what they’re doing. It's like this is their wood, this
is their project. At one point we were digging holes and like, “This is my hole. I’m digging this
hole.” That’s what I like about this program compared to some of the others, is that like at the
end they have a physical project that is going to be there for a long time, that they will have that
sense of pride for it.”
Comparing the goals and objectives of programs that fell within each of the two primary
categories, programs with self-transcendent goals and objectives in the first category were
primarily oriented at getting youth to feel a sense of responsibility for the preservation of the
local ecosystem or species and did this by exposing youth to field-based settings where they
would have direct physical contact with the ecosystem or species in question. For Urban
Architecture, the vehicle for achieving a self-transcendent goal or objective was oriented
around the creation of a collective product that would have a lasting benefit to the school
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community in question, resulting in a lasting achievement that distinguished this program from
those found to have a self-transcendent goal or objective classifiable in the first category.

Self-Transcendent Value Statements

It was hypothesized that self-transcendent goals and objectives could be expressed
through value-related statements made by activity leaders during STEM programming that
highlighted the positive value associated with STEM content areas for the good of self, others,
and the environment. These statements (a) highlighted how STEM could be used to achieve a
self-transcendent purpose like preserving the local ecosystem, or accomplishing a collective
program goal which is oriented at helping others (utility value); (b) indicated that youth would
have positive feelings by working for the betterment of others/making a contribution or may
have sparked sympathy, outrage, or concern by pointing out how STEM content has been used
to identify how the ecosystem or species may be at risk (intrinsic value); or (c) described youth
as being caring, giving, and willing to help/make a difference for others (attainment value).
Taking into consideration the 237 segments that represented the 15 minutes of video-taped
programming that occurred before a given ESM signal was emitted, only 35 segments were
found to be characterized by one or more self-transcendent value statement. All of selftranscendent value statements occurred in programs characterized by the adoption of selftranscendent goals and objectives (see Table 11). In these programs, self-transcendent value
statements were made in approximately 30 percent of coded segments.
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Table 11
ESM Segments with Self-Transcendent Value Statements Made by Program Activity Leaders

Self-Transcendent Value Statements
Present
Not Present
Total

Self-Transcendent
Goal
#
%
35
29.7%
83
70.3%
118
100.0%

No Self-Transcendent
Goal
#
%
0
0.0%
119
100.0%
119
100.0%

While each program classified as having self-transcendent-related goals and objectives
for the youth they were serving in programming were found to have at least some selftranscendent value statements made by activity leaders, the frequency with which this occurred
varied from one program to the next as shown in Table 12. Just over a third of all selftranscendent value statements were made by activity leaders from Marine Investigators, where
self-transcendent value statements were found in half of coded video segments for that
program. In this program, there was an average of 1.33 self-transcendent value statement made
per ESM episode. In contrast, for Island Explorers, only 4 segments or 15 percent of total
coded segments for that program were found to be characterized by self-transcendent value
statements, with an average of .154 statements made per episode. This latter finding is also
representative of the variation found within some of these programs. Three of the four
segments were associated with the activity leader who spent the most time with youth in a
field-based setting within the confines of the program. The other two activity leaders spent the
majority of their time with youth in a classroom setting.
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Table 12
Self-Transcendent Value Statements Made by Program Activity Leaders

Self-Transcendent Value
Statements

Programming
Segments
(n=35)

% of Total
Segments
(n-=237)

Mean (SD)

Adventures in Mathematics

0

0.0%

.000 (.00)

Building Mania

0

0.0%

.000 (.00)

Comunidad de Aprendizaje

0

0.0%

.000 (.00)

Island Explorers

4

15.4%

.154 (.37)

Jefferson House

0

0.0%

.000 (.00)

Marine Investigators

12

50.0%

1.333 (2.01)

The Ecosphere

4

19.0%

.333 (.80)

Uptown Architecture

8

33.3%

1.000 (1.56)

Zoology Partners

7

30.4%

.609 (1.31)

Self-Transcendent Supports and Opportunities

In addition to self-transcendent value statements made by activity leaders, it was also
hypothesized that certain types of supports and opportunities could be made available by
activity leaders that would allow youth the opportunity to reflect more deeply on the cause of a
local problem and its solution and/or engage in an activity designed to provide youth with an
opportunity to help or make a contribution in some way for the benefit of others. More
specifically, video segments preceding the issuance of an ESM signal were coded for the
presence of the following set of self-transcendent supports and opportunities:
•

Staff make statements which define or articulate the causes of a local, community,
environmental, and/or societal problem.
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•

Staff make statements about the need for action to be taken to preserve, protect, or
advance a local ecosystem, species, or community.

•

Staff ask youth to reflect on what should be done to preserve, protect, or advance a local
ecosystem, species, or community.

•

Youth work on creating and/or delivering products, presentations, or projects that are
meant to educate others about the causes of a community or societal problem and/or
possible solutions.

•

Youth are working on creating a product or completing a project which is directly
helpful to others.

•

Youth collect and/or analyze information that will help describe or inform solutions to
local or community problems.

As shown in Table 13, these types of supports and opportunities were more commonly
found in programs overall (56 of the 237 coded video segments or 24 percent of segments) than
the self-transcendent value statements examined in the preceding section, including in some
programs that did not have a formally articulated self-transcendent goal or objective for
participating youth. Still, video segments characterized by self-transcendent supports and
opportunities were more commonly found in programs with these types of goals and objectives
(39 percent of segments) than those without (8 percent of segments).
Like self-transcendent value statements, the presence of self-transcendent supports and
opportunities varied by program as shown in Table 14. While Marine Investigators was also the
program with the highest number of these practices represented on average across segments (an
average of 1.417 practices per segment), Uptown Architecture was found to be the program
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Table 13
ESM Segments With Self-Transcendent Supports and Opportunities
Self-Transcendent
Goal
Supports and Opportunities Related to
the Pursuit of Self-Transcendent Goals
Present
Not Present
Total

No Self-Transcendent
Goal

#

%

#

%

46
72
118

39.0%
61.0%
100.0%

10
109
119

8.4%
91.6%
100.0%

with the most segments where one or more these practices were observed (15 segments in
total). This finding is likely representative of the major activity underpinning this program that
involved the design and construction of an outdoor classroom space for the school hosting the
program that was undertaken during the four-week program period. Among programs with selftranscendent goals and objectives, Island Explorers again was characterized by the fewest
segments with self-transcendent supports and opportunities, with these practices observed in 23
percent of observed segments, although the Ecosphere had the lowest average presence of these
practices at .381 per observed segment. Of some interest was the finding that these practices
were also found to some extent in 3 of the 4 programs without a self-transcendent goal or
objective (Building Mania, Comunidad de Aprendizaje, and Jefferson House), although these
activities were found in only 10 to 14 percent of the observed video segments for these
programs.
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Table 14
Self-Transcendent Supports and Opportunities by Program
Supports and Opportunities Related
to the Pursuit of Self-Transcendent
Goals
Adventures in Mathematics
Building Mania
Comunidad de Aprendizaje
Island Explorers
Jefferson House
Marine Investigators
The Ecosphere
Uptown Architecture
Zoology Partners

Programming
Segments
(n=56)

% of Total
Segments
(n-=237)

0
2
5
6
3
12
5
15
8

0.0%
10.0%
9.4%
23.1%
13.6%
50.0%
23.8%
62.5%
34.8%

Mean (SD)
.000 (.00)
.250 (.79)
.226 (.85)
.423 (.86)
.136 (.35)
1.417 (1.67)
.381 (.80)
.750 (.74)
.652 (1.03)

Overlap in Self-Transcendent Value Statements and Supports and Opportunities

Since the process of coding self-transcendent value statement and self-transcendent
supports and opportunities occurred completely independently of each other, it seemed relevant
to explore the degree to which these events overlapped in terms of being present in the same
video segment. If there was found to be substantial overlap, this may create issue of multicollinearity when attempting to include both types of variables in the same models constructed
to address the remaining research questions. As shown in Table 15, a fair degree of overlap was
found to exist in terms of segments that were coded as having activity leaders making selftranscendent value statements and providing some type of self-transcendent support or
opportunity, with the majority of segments coded as having supports and opportunities present
also having been coded as having activity leader making self-transcendent value statements.
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The Pearson correlation coefficient between the number of value statements made in a given
segment and the number of different supports and opportunities provided was .553 (p < .001),
suggesting a moderately strong relationship. In light of this, it was decided to avoid including
each of these variable types in the same model in order to reduce the risk of multicollinearity.

Table 15
Overlap of Self-Transcendent Value Statements and Supports and Opportunities
Supports and Opportunities Related to
the Pursuit of Self-Transcendent Goals
Present
Self-Transcendent Value
Statements
Present
Not Present
Total

Not Present

#

%

#

%

29
27
56

51.8%
48.2%
100.0%

6
175
181

3.3%
96.7%
100.0%

Self-Transcendent Practices and Field-Based Activities
Given that (a) the provision of self-transcendent values statements and supports and
opportunities were more prevalent in programs pursuing self-transcendent goals with youth and
(b) that many of these programs were predicated on using field-based activities to provide
youth direct experiences with the ecosystem or species in question, it seemed appropriate to
explore the degree to which these self-transcendent practices were more apt to occur in fieldbased settings. As shown in both Tables 16 and 17, both self-transcendent value statements and
supports and opportunities accounted for a greater percentage of segments in field-based
settings as compared to programming segments taking place in other settings (chi-square =
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6.712, p < .05 and chi-square = 6.744, p < .01 respectively). While these results were
significant, it appears there was still sufficient instances where field-based settings were not
characterized by the presence of self-transcendent practices that the field-based setting variable
could be feasibly included in models along with those variables signifying the presence of selftranscendent practices.

Table 16
Overlap of Self-Transcendent Value Statements and Field-Based Settings
Field-Based Setting
Self-Transcendent Value Statements
Present
Not Present
Total

#
12
32
44

%
27.3%
72.7%
100.0%

Other Program
Setting
#
%
23
11.9%
170
88.1%
193
100.0%

Table 17
Overlap of Self-Transcendent Supports and Opportunities and Field-Based Settings
Field-Based Setting
Supports and Opportunities Related to
the Pursuit of Self-Transcendent Goals
Present
Not Present
Total

Other Program
Setting

#

%

#

%

17
27
44

38.6%
61.4%
100.0%

39
154
193

20.2%
79.8%
100.0%

87
Research Question 2 – Purpose-Related Value Statements and ESM Outcomes

In order to answer this research question, a series of cross-classified, three-level models
were constructed and run using the R computer program, with programs at level 3; youth and
ESM episodes at level 2; and youth-level, individual ESM responses at level 1 (see Appendix H
for more details). The outcome of interest in each model were the four ESM-based constructs
that were hypothesized to be potentially related to the provision of self-transcendent practices:
(1) situational interest; (2) situational feelings that what they were doing was important; (3)
situational expressions of working hard; and (4) situational engagement. The primary predictor
of interest was the presence of activity leader-provided, self-transcendent value statements,
which were hypothesized to be positively related to each of the ESM outcomes under
consideration. Additional covariates were included in each model given that they were found to
be related to one or more of the four outcomes in question during the model building process.
These additional covariates included pre-survey individual interest and associated dummy
variables to indicate if the content area associated with that interest was science, math, or
building; a dummy variable to indicate if the ESM episode took place in a field-based setting; a
dummy variable to indicate if the youth was motivated to attend programming or not based on
pre-survey responses; and the episode quality score for the segment in question.
Intraclass coefficients are shown in Table 18 for each of the random components
associated with the cross-classified models constructed to address both research questions 2 and
3. As shown in Table 18, the greatest degree of variation in each of the ESM outcomes
examined was found at the youth-level, accounting for between 31 and 45 percent of the
variance depending upon the ESM outcome examined. Relatively little variance was found to
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be associated with the ESM episode- and program-level, in each case accounting for less than 4
percent of the variance in the ESM outcomes examined.

Table 18
Intraclass Coefficients for ESM-Related Outcomes
Random Effect
Episode
Youth
Program

Interest

Important

Working Hard

Engagement

0.036

0.014

0.039

0.036

0.326

0.403

0.312

0.445

0.019

0.000

0.000

0.008

Model results addressing research question 2 are shown in Table 19. Contrary to what
was hypothesized, the presence of self-transcendent value statements was not found to be
significantly related to any of the ESM outcomes examined. However, several of the additional
predictors included in each of these models were found to be positively related to the ESM
outcomes of interest. Programming taking place in a field-based setting was found to be
significantly related to youth situational feelings that what they were doing was important,
while youth individual interest and episode quality were found to be significantly related to
each of the ESM outcomes examined (although in relation to interest, episode quality was only
found to be moderately significant). Youth being motivated to attend the program was also
found to be significantly related to youth situational feelings that what they were doing was
important.

Table 19
Three-Level, Cross-Classified HLM Models Predicting the Relationship Between ESM Outcomes and
Key Predictors, Including Self-Transcendent Value Statements Made by Program Activity Leaders
Interest
SE

Fixed Effects
B
1.78 ***
0.29
Intercept
-0.01
0.07
ST Value
Statements
0.08
0.06
Field-based setting
0.19
0.17
Motivated at entry
0.22 ***
0.06
Individual interest
-0.02
0.20
Science interest
0.04
0.21
Math Interest
0.04 †
0.02
Episode quality
2
SE
Random Effects
0.04
0.19
Beep
0.35
0.59
Person
0.03
0.17
Program
0.67
0.82
Level 1 error
Note. * p < .05, ** p < .01, *** p < .001.

df

B

49

1.36

181

0.07

186

0.11

172

Important
SE

df

Engagement
B
SE df

0.28

64

1.94

0.25

217

1.89

0.06

180

-0.08

0.06

191

*

0.05

187

-0.06

0.06

0.46

*

0.19

171

0.22

172

0.22

**

0.07

168

0.12

6

0.01

0.17

6

7

0.25

0.19

193

0.04

0.02

2

***

Working Hard
B
SE
df

*

SE

0.22

73

-0.05

0.05

197

194

0.00

0.04

202

0.17

174

0.21

0.15

174

0.06

174

0.17

0.05

168

-0.02

0.13

181

0.00

0.13

7

7

-0.01

0.14

180

0.02

0.14

8

192

0.08

0.02

206

0.05

0.02

210

2

***

*

***

SE

2

***

**

***

SE

0.01

0.09

0.02

0.15

0.02

0.14

0.43

0.65

0.31

0.56

0.28

0.53

0.01

0.11

0.00

0.00

0.01

0.07

0.68

0.82

0.71

0.84

0.32

0.57
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Research Question 3 – Purpose-Related Activities and ESM Outcomes

To answer this research question, steps were taken to run the same series of three-level,
cross-level multilevel models in R that were constructed to answer research question 2;
however, in this case, the presence of self-transcendent supports and opportunities was included
as a predictor instead of self-transcendent value statements made by the activity leader (see
Appendix H for model details). All of the other predictors included in the models constructed to
address research question 2 were again included in the models for research question 3 (i.e., presurvey individual interest and associated dummy variables for each content area, field-based
setting, youth motivation to attend programming, and episode quality). In this sense, the focus
of research question 3 was to explore if the presence of self-transcendent supports and
opportunities was associated with any of the four ESM outcomes as hypothesized.
As shown in Table 20, each of the predictors included in the models constructed to
address research question 3 were found to be related to each of the four ESM outcomes in
exactly the same manner described previously in relation to research question 2 and outlined in
Table 19. The presence of self-transcendent supports and opportunities were found to be
significantly and positively related to youth feeling that what they were doing was important.
This finding was consistent with the hypothesis underpinning research question 3 that youth
would feel what they were doing was important if the activity in question was related to a selftranscendent concern or purpose.

Table 20
Three-Level, Cross-Classified HLM Models Predicting the Relationship Between ESM Outcomes and
Key Predictors, Including Self-Transcendent Supports and Opportunities Made Available by Program Activity Leaders
Interest
SE

Fixed Effects
B
df
B
1.91 ***
0.29
50
1.34
Intercept
0.03
0.06
193
0.14
ST
Supports/Opps
0.08
0.06
185
0.11
Field-based
setting
0.19
0.17
172
0.46
Motivated at
entry
0.22 ***
0.06
172
0.22
Individual
interest
-0.02
0.20
7
0.01
Science interest
0.05
0.21
7
0.26
Math Interest
0.04
†
0.02
194
0.04
Episode quality
2
2
SE
Random Effects
0.04
0.19
0.01
Beep
0.35
0.59
0.43
Person
0.03
0.16
0.01
Program
0.67
0.82
0.68
Level 1 error
Note. † p < .10, * p < .05, ** p < .01, *** p < .001.

Important
SE

df

Working Hard
B
SE
df

Engagement
B
SE df

***

0.28

67

1.94

**

0.05

195

*

0.05

*
**

*

0.25

218

1.89

0.01

0.05

203

187

-0.07

0.06

0.19

171

0.22

0.07

167

0.12

0.17

6

-0.03

0.18

7

0.00

0.02

194

0.08

SE

2

***

*

***

0.22

76

0.02

0.04

211

192

0.00

0.04

202

0.16

174

0.21

0.15

174

0.06

174

0.17

0.05

167

0.13

181

-0.00

0.12

7

0.14

181

0.03

0.02

206

0.05

SE

2

***

**

***

0.14

8

0.02

212

SE

0.08

0.02

0.15

0.02

0.14

0.65

0.32

0.57

0.27

0.53

0.10

0.00

0.00

0.00

0.06

0.82

0.71

0.84

0.32

0.57
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Although not formally articulated as part of research question 3, steps were also taken
to explore how the presence of self-transcendent goals and objectives was related to each of the
ESM outcomes examined in relation to research questions 2 and 3. This was done by rerunning the models associated with research questions 2 and 3 and including a dummy variable
at level 3 to indicate if the program had adopted a self-transcendent goal or objective, while the
other self-transcendent-related variables were removed from the model. As shown in Table 21,
the presence of self-transcendent program goals and objectives was found to be positively and
significantly related to situational expressions of working hard on the part of youth. In this
sense, youth were more inclined to indicate they were working hard while participating in
activities associated with a STEM summer program with formally defined self-transcendent
goals and objectives. While not the formal target of this research question, this finding was
consistent with my hypotheses regarding how self-transcendent practices may be related youth
in-the-moment experiences in STEM programming. The presence of self-transcendent goals
and objectives was not found to be associated with the other ESM outcomes examined.
In addition, it was hypothesized previously that there may be a positive interaction
associated with youth participating in field-based settings and being enrolled in program
characterized by a set of formally articulated self-transcendent goals and objectives. The only
outcome where being in a field-based setting was significantly associated with the ESM
outcome was in relation to youth feelings that what they were doing was important. When steps
were taken to test how the presence of self-transcendent program goals and objectives may
impact this relationship, no significant cross-level interaction was found to exist as shown in
Table 21.

Table 21
Three-Level, Cross-Classified HLM Models Predicting the Relationship Between ESM Outcomes and
Key Predictors, Including Self-Transcendent Goals and Objectives Adopted by Programs
Interest
SE

Fixed Effects
B
df
1.78 ***
0.32
28
Intercept
0.32
0.28
12
ST goals/objectives
0.08
0.06
184
Field-based setting
0.18
0.17
171
Motivated at entry
0.22 ***
0.06
170
Individual interest
-0.18
0.25
10
Science interest
0.17
0.25
8
Math Interest
0.04 †
0.02
193
Episode quality
ST goals/objectives x
Field-based setting
2
SE
Random Effects
0.04
0.19
Beep
0.35
0.59
Person
0.03
0.19
Program
0.67
0.82
Level 1 error
Note. † p < .10, * p < .05, ** p < .01, *** p < .001.

B
1.20

Important
SE
***

0.40

df

Working Hard
B
SE
df

Engagement
B
SE df

0.29

43

1.78

***

0.26

221

1.79

0.24

11

0.41

*

0.20

179

***

0.24

44

0.25

0.19

12

0.11

*

0.05

186

-0.07

0.06

191

-0.00

0.04

201

0.46

*

0.19

171

0.22

0.16

174

0.21

0.15

173

0.22

**

0.07

164

0.12

0.06

174

0.17

0.05

165

-0.21

0.22

13

-0.29

0.18

179

-0.15

0.17

13

0.38

0.20

7

0.15

0.16

179

0.12

0.16

7

0.02

193

0.08

0.02

204

0.05

0.02

211

-0.15

106

0.05
-0.21
2

*

SE

2

*

***

SE

2

**

***

SE

0.01

0.09

0.02

0.15

0.02

0.14

0.43

0.65

0.31

0.56

0.28

0.52

0.01

0.09

0.00

0.00

0.00

0.07

0.68

0.82

0.71

0.84

0.32

0.57
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As shown in Table 22, the episode-level predictors (i.e., episode quality, field-based
setting, self-transcendent value statements, and self-transcendent supports and opportunities)
were the most effective in explaining the episode-level variance in each model constructed in
relation to research questions 2 and 3, accounting for between 6 to 59 percent of the episodelevel variance. This was particularly the case when feelings that what they were doing was
important was the outcome of interest, where the episode-level predictors accounted for 49 to
59 percent of the episode-level variance in this ESM outcome, a substantive amount, although
it is important to note that episode only accounted for 1 to 4 percent of the variance in the ESM
outcomes examined. The youth-level predictors (i.e., individual interest and motivated at entry)
were not quite as effective in explaining youth-level variance, explaining anywhere from 2 to
10 percent of youth-level variance in the outcomes under consideration.

Table 22
Percentage of Variance in ESM Outcomes Explained by Model
Random Effect

Episode-level
predictors
Youth-level
predictors

Interest

Important

Working Hard

Engagement

ST
Value
6.4%

ST
Supports
6.1%

ST
Value
48.5%

ST
Supports
59.0%

ST
Value
46.9%

ST
Supports
45.4%

ST
Value
20.8%

ST
Supports
19.1%

2.7%

2.7%

10.0%

10.2%

5.0%

5.6%

3.7%

3.9%
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Research Question 4 - Purpose-Related Instructional Opportunities, Supports, and Activity
Leader Value Statements and End of Program Purposed-Related Experiences

In addressing each of the prior two research questions, the focus was on whether the
provision of self-transcendent value statements, supports, and opportunities were found to be
related to youth in-the-moment experiences in programming. For research question 4, the
outcome of interest was the extent to which youth-reported having purposes-related
experiences on the post survey. In order to explore if self-transcendent value statements,
supports, and opportunities were related to this more summative reporting of youth having
purpose-related experiences at the end of the program, a series of two-level HLM models were
run in HLM 6.0, with programs at level two and youth at level one (see Appendix H for model
details). Given the relatively small number of programs involved in the study and the fact that
variables related to self-transcendent value statements and supports and opportunities were
found to be related to each other, a decision was made to only test one program-level, selftranscendent-related variables at a time. In this sense, two separate model sets were initially run
with purpose-related experiences as the outcome of interest, each with a different selftranscendent-related predictor at level two. Given the shift to a more summative framework
with this set of models, the number of ESM episodes where self-transcendent value statements
and self-transcendent supports and opportunities were present were summed, with this summed
value used as a level two predictor in the model in question. The goal here was to have
variables that would represent the degree to which youth may have been exposed to selftranscendent practices during the span of their involvement in the program; however, it is
important to note that the presence of these practices was only determined for the 15 minutes of
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programming preceding a given ESM signal on the six days of programming these data were
collected. In this sense, this information was only available for a relatively small proportion of
the total time youth spent in programming, and it is not possible to determine how well these
sampled periods of programming time were representative of the full programming experience
provided to participating youth. The program-level values used in the models constructed to
answer research question 4 can be found in Tables 12 (self-transcendent value statements) and
14 (self-transcendent supports and opportunities). In addition to predictors representing selftranscendent value statements and support and opportunities, steps were also taken to explore
how self-transcendent program goals and objectives may have been related to youth reporting
purpose-related experiences in programming.
A decision was also made to include mean ESM responses to the two ESM outcomes
found to be related to self-transcendent-related predictors as a result of the analyses associated
with research questions 2 and 3, situational feeling that what they were doing was important
and situational expressions of working hard. Both of these experiences were shown to be
related to self-transcendent-related variables and as a result could potentially serve as an
intermediate linkage between the presence of those self-transcendent-related constructs and
youth reporting having purpose-related experiences in programming. These mean ESM
variables were included in the models used to answer research question 4 as youth-level
predictors. Given that these ESM outcomes were found to be significantly correlated (see Table
9), a decision was made to construct separate model sets, one set where the mean important
score was used as the predictor and another set where the mean working hard score was used
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as a level 1 predictor.
A model building process was undertaken to determine what additional variables should
be included at level 1 as predictors. As a result of this process, two additional variables were
included in the research question 4 models. The first was the number of days youth attended
programming during the span of the summer session. While there was no firm hypothesis
regarding how this variable may be related to purpose-related experiences, it was generally
expected that any relationship found to exist between these variables would be positive in
nature given that more frequent participation in programming would provide additional
opportunities for the youth to be exposed to self-transcendent-related practices or youth would
be more apt to attend if they perceived a greater sense of purpose in what they were doing
within the confines of the program.
In addition, the variable representing how useful youth felt STEM content was for
preparing for college or a career was also included in research question 4 models given its
relationship with the outcome in question. This was the only pre-survey-based predictor added
to the model given the significant correlation found to exist between this variables and others
derived from the pre-survey that assessed youth’s interest, self-concept, perceptions of value,
and aspirations pertaining to STEM (see Table 7). Like previous models, dummy codes were
included in the model to indicate what content area (i.e., science, math, or building) was the
focus of the value for college and a career predictor.
A fully unconditional model (see Appendix H for more details) was run initially in
order to assess the degree of within program versus between program variation in youthreported, purpose-related experiences in programming. This allowed for calculation of the
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interclass coefficient which was found to be 0.08, indicating that approximately 8 percent of the
variation in purpose-related experiences was between programs. This variation between
programs was found to be statistically significant (=20.54, df = 8, p = .009). In addition, the
reliability estimate for the program mean was found to be high ( .602). Each of these results
indicate that the random effect error term should be left in because there is significant variation
in the average purpose-related experience score across programs and this error term models this
random variation. However, the need to retain a random effect error term in relation to the
predictors added to each model was found to be less prevalent. The only predictor found to
have a significant variance component across each model was the mean important score (see
Tables 23-25). In this sense, the error terms related to the remaining predictors included in each
model were fixed.
The first set of models constructed to answer research question 4 examined the extent to
which the number of ESM episodes with self-transcendent value statements was related to the
youth-reported purpose-related experiences in programming. As shown in Table 23, no
significant relationship was found to exist between the number of episodes with selftranscendent value statements and youth purposed-related experiences in programming. Of
some interest was that the mean important and working hard scores were both significantly and
positively associated with youth purpose-related experiences. In this sense, the more frequently
youth reported having these in-the-moment experiences (e.g., feelings of importance and
working hard), the more likely they were to report having purpose-related experiences in
programming. In addition, the more youth perceived that STEM was useful for either college a
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career, the more apt they were to report having purposed-related experiences in programming.
Finally, one surprising result in Table 23 was the negative relationship found to exist between
days of program attendance and youth-reported purpose-related experiences in programs.
While not stated a priori, this wasn’t a finding that was generally expected to emerge.
Finally, a separate model assessed the cross-level interaction between the total number
of ESM episodes where self-transcendent value statements were made and the value youth
perceived STEM as having in terms of supporting their college or career efforts. In each model,
this interaction was found to be non-significant.
Next, the models outlined in Table 23 were re-run, but the total number of ESM
episodes where self-transcendent supports and opportunities was substituted as a predictor
instead of self-transcendent value statements. As shown in Table 24, the results were primarily
the same as those outlined in Table 23. Here again, the number of segments with selftranscendent supports and opportunities was not found to be related to purpose-related
experiences directly. However, when a cross-level interaction between perceptions of STEM
value for college or a career and these self-transcendent practices were examined, a significant,
positive interaction (moderately significant when the mean important score was included in the
model) was found to exist. In this sense, youth exposure to more ESM episodes characterized
by the presence of self-transcendent supports and opportunities was found to further strengthen
the positive relationship between perceptions of STEM being valuable for college or a career
and youth reporting purpose-related experiences in programming.
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Table 23
Two-Level, HLM Models Predicting the Relationship Between Purpose-Related Experiences
and Key Predictors, Including Self-Transcendent Value Statements Made Available by
Program Activity Leaders

Fixed Effects
Intercept
ST value
statements (Sum)
Days attended

With Mean
Important Score
B
SE
df

With Mean
Working Hard Score
B
SE
df

2.89

***

-0.01

0.07

7

2.91

0.02

7

0.00

***

0.05

7

0.01

7

-0.05

**

0.01

130

-0.04

*

0.01

130

Value – college or career

0.15

*

0.07

130

0.22

**

0.08

130

Science value

0.09

0.19

130

0.02

0.13

130

-0.01

0.22

130

-0.03

0.18

130

0.12

8
0.12

130

0.02

127

Math value
Mean important score

0.66

***

0.62

Mean working hard score
ST value
statements (Sum) x Value –
college or career

0.02

0.02

127

0.02

***

2
2
Random Effects
df
df
0.00
7
0.01
7
Intercept
0.04 †
8
Mean important score - slope
0.52
0.60
Level-1 error
Note. All predictors were grand-mean centered. † p < .10, * p < .05, ** p < .01, *** p < .001.
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Table 24
Two-Level, HLM Models Predicting the Relationship Between Purpose-Related Experiences
and Key Predictors, Including Self-Transcendent Supports and Opportunities Made Available
by Program Activity Leaders

Fixed Effects
Intercept

With Mean
Important Score
B
SE
df

With Mean
Working Hard Score
B
SE
df

2.89

***

0.07

7

2.91

0.02

7

0.00

***

0.07

7

0.02

7

ST supports/opps. (Sum)

-0.01

Days attended

-0.05

**

0.01

130

-0.04

*

0.02

130

Value – college or career

0.15

*

0.07

130

0.22

**

0.07

130

Science value

0.05

0.17

130

0.03

0.19

130

-0.03

0.23

130

-0.03

0.25

130

0.12

8

Math value
Mean important score

0.66

***

Mean working hard score
ST supports/opps (Sum) x
Value – college or career

0.03

†

0.02

128

0.62

***

0.11

130

0.03

*

0.02

127

2
2
Random Effects
df
df
0.00
7
0.00
7
Intercept
0.04 †
8
Mean important score - slope
0.52
0.60
Level-1 error
Note. All predictors were grand-mean centered. † p < .10, * p < .05, ** p < .01, *** p < .001.
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Finally, the model was re-run a final time, including self-transcendent goals and
objectives as the sole level 2 predictor, which was not found to be significantly related to
youth-reported purpose-related experiences in programming (see Table 25). All other variables
performed in the same manner as described in relation to the two preceding models.
As shown Table 26, the domain of level 1 variables included in models summarized in
Tables 23-25 explained between 27.3 to 36.6 percent of the youth-level variance in the
purpose-related scores, while the level 2 predictors failed to explain any of the program-level
variance. Given that random effects were calculated for the mean important score slope, it was
also possible to assess the degree to which the level 2 predictors explained the variance in the
mean important slopes. In this case, the level 2 predictors explained anywhere from 5.0 to 10.1
percent of the variance in the mean important score slopes.

Research Question 5 - Purpose-Related Experiences and Changes in Youth Perceptions of
STEM

One of the goals of each of the programs enrolled in the STEM IE study was to expose
youth to STEM-related content and change youth perceptions of how they see STEM. It was
expected by members of the STEM IE research team that these changes would be reflected in
growth in STEM interest, self-concept, perceptions of STEM value, and future aspirations
related to STEM. These outcomes were the focus on the analyses undertaken to address
research question 5. Building from the analyses completed in relation to research questions 2 to
4, it seemed most appropriate to focus on how purpose-related experiences may be predictive
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Table 25
Two-Level, HLM Models Predicting the Relationship Between Purpose-Related Experiences
and Key Predictors, Including Self-Transcendent Program Goals and Objectives

Fixed Effects
Intercept

With Mean
Important Score
B
SE
df

With Mean
Working Hard Score
B
SE
df

2.90

***

0.07

7

2.91

0.27

7

-0.07

***

0.08

7

0.29

7

ST goals/objectives

-0.13

Days attended

-0.04

**

0.01

130

-0.04

*

0.02

130

Value – college or career

0.15

*

0.07

130

0.22

**

0.08

130

Science value

0.12

0.25

130

0.08

0.26

130

-0.04

0.24

130

-0.05

0.26

130

0.12

8
0.13

130

0.15

127

Math value
Mean important score

0.66

***

0.62

Mean working hard score
ST goals/objectives x Value
– college or career

-0.02

0.14

127

-0.01

***

2
2
Random Effects
df
df
0.00
7
0.00
7
Intercept
0.04 †
8
Mean important score - slope
0.52
0.60
Level-1 error
Note. All predictors were grand-mean centered. † p < .10, * p < .05, ** p < .01, *** p < .001.
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Table 26
Percentage of Program- and Youth-Level Variance in
Purpose-Related Experience Scores Explained by Model

Model/Predictors
Level 1 predictors – Youth-level variance
Model with ST value statements (Sum)
Level 2 predictor – Program-level variance
Level 2 predictor – Variance in mean important score slope
Model with ST supports/opps. (Sum)
Level 2 predictor – Program-level variance
Level 2 predictor – Variance in mean important score slope
Model with ST goals/objectives
Level 2 predictor – Program-level variance
Level 2 predictor – Variance in mean important score slope

Mean
Important
Score

Mean
Working
Hard Score

36.6%

27.3%

0.0%

0.0%

5.0%
0.0%

0.0%

7.5%
0.0%

0.0%

10.1%

of changes in how participating youth perceived STEM content, particularly since those
variables pertaining to total ESM episodes characterized by self-transcendent value statements
and supports and opportunities generally did not perform well as predictors in the research
question 4 models. As a result, the predictors of interest included in the models constructed to
address research question 5 were the mean expression of working hard and mean feeling that
what they were doing was important scores derived from the ESM survey and the purposerelated experience score from the post-survey.
Here again, a model building process was undertaken to explore what other predictors
warranted inclusion in the research question 5 models (see Appendix H for model details). As a
result of this process, two additional youth-level predictors were included in each model: (1)
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the youth’s status as a female student or not which was found to be significantly related to
growth on some STEM outcomes and (2) the number of days the youth attended programming.
The latter variable was primarily included given it hypothesized importance relative to
predicting growth on the outcomes in question. In addition, each model also included the presurvey score on the scale in question as a level 1 covariate in each model to allow for an
assessment of youth growth on the outcome in question. For interest, self-concept, and models
related to the perceived value of STEM, steps were taken to consider the content areas youth
were most exposed to during their participation in programming at the STEMIE study-enrolled
site. In these models, dummy codes were included in the model to indicate if the relevant
content area in question was science, math, or building.
Fully unconditional models were run in relation to each of the STEM-related outcomes
under consideration. The resulting intraclass coefficients varied noticeably across outcomes as
shown in Table 27. Only STEM interest was found to have an ICC above 0.05, a common
threshold used to evaluate if there is enough between program variation to warrant the use of
multilevel modeling (Raudenbush & Bryk, 2002). STEM interest was also the only outcome
where variation between programs was found to be statistically significant (=16.14, df = 8, p
= .040) and where the reliability estimate for the program mean was found to be high (
.500). Despite this finding, in the interest of model consistency, all models were run in HLM
6.0 and retained the random effect error term related to the outcome in question (see Appendix
H for additional details). Random effects were also included for each of the three main
predictors being assessed given their observed significance in the previously described models:
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(1) mean important (2) mean working hard and (3) purpose-related experiences scores. The
error terms associated with other predictors included in each model were fixed.

Table 27
Intraclass Coefficients for STEM-Related Outcomes

Outcome
STEM Interest
STEM Self-Concept
STEM Value – College or Career
STEM Value – General
STEM Future Aspirations

ICC
0.061
0.016
0.017
0.005
0.000

Separate model sets were run containing mean important, mean working hard, and
youth’s score on the purpose-related experiences scale using HLM 6.0, with programs at level 2
and youth at level 1. As shown in Tables 28 and 29, the mean important and mean working
hard scores, except in one instance, were found to be significantly and positively related to
growth on each of the STEM perception-related outcomes examined. The lone exception to this
finding was in relation to future aspirations related to STEM where the mean working hard
score was not found to be significantly related to growth on this outcome.
Similar findings were found in relation youth-reported purpose-related experiences in
programming, which was found to be positively and significantly related to growth on each of
the STEM perception-related outcomes examined as shown in Table 30, although this
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relationship was only moderately significant in relation to future aspirations related to STEM.
In this sense, the more youth reported feelings that what they were doing was important,
expressed working hard in undertaking program activities, and reported having purpose-related
experiences in programming, the more apt they were to demonstrate growth in STEM interest,
self-concept, perceptions of value, and future aspirations related to STEM.
Aside from the pre-scores being significantly related to post-survey outcomes, the only
other significant predictor found in Tables 28 to 30 was a negative relationship between being
female and growth on the scale pertaining to future STEM aspirations found to exist in all three
models (although this finding was moderately significant when the mean important and mean
working hard scores were included in the model).
Steps were taken to outline the extent to which the level 1 predictors outlined in Tables
28-30 were found to explain the youth-level variance associated with each model. As shown in
Table 31, the percentage youth-level variance explained by the level 1 predictors ranged from
7.8 to 29.9 percent. Overall, the domain of predictors examined demonstrated the most
explanatory power in relation to post interest and post perceptions on the value of STEM in a
general sense, where the total variance explained was in excess of 20 percent across each model
examined.

Table 28
Two-Level HLM Models Predicting the Relationship Between STEM Perceptions and
Key Predictors, Including the Mean Important Score Derived From ESM Data
Post Interest
B
SE

Post Self-Concept
B
SE
df

Fixed Effects
df
2.78
***
0.07
8
2.94 ***
0.06
8
Intercept
0.41 ***
0.10
8
0.34 **
0.09
8
Mean important score
-0.01
0.01
130
0.00
0.01
129
Days attended
-0.02
0.12
130
0.04
0.12
129
Female
0.59 ***
0.07
130
Individual STEM interest (pre)
0.56 ***
0.08
129
STEM self-concept (pre)
STEM aspirations – future plans (pre)
0.09
0.17
130
0.01
0.16
129
Science
0.02
0.22
130
0.01
0.20
129
Math
2
2
df
df
Random Effects
0.02
8
0.00
8
Intercept
0.02
8
0.00
8
Mean important score - slope
0.43
0.46
Level 1 error
Note. All predictors were grand-mean centered. † p < .10, * p < .05, ** p < .01, *** p < .001.

Post Aspirations
B
SE
df
2.49

***

0.07

8

0.31

*

0.11

8

0.01

126

*

0.16

126

***

0.09

126

0.00
-0.35

0.37

2

df

0.00

8

0.05

8

0.71

(continued on following page)
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Table 28 (continued)
Post Value –
College or Career
B
SE
df

Post Value –
General
B
SE

Fixed Effects
df
2.95 ***
0.10
8
2.97 ***
0.07
8
Intercept
0.43 **
0.11
8
0.56 ***
0.10
8
Mean important score
-0.02
0.02
128
-0.01
0.02
128
Days attended
-0.05
0.15
128
0.08
0.14
128
Female
0.41 ***
0.08
STEM value – college or career
(pre)
0.43 ***
0.08
STEM value – general (pre)
0.15
0.26
128
0.07
0.19
128
Science
0.29
0.32
128
0.19
0.25
128
Math
2
2
df
df
Random Effects
0.04
8
0.01
8
Intercept
0.00
8
0.00
8
Mean important score - slope
0.67
0.57
Level 1 error
Note. All predictors were grand-mean centered. † p < .10, * p < .05, ** p < .01, *** p < .001.
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Table 29
Two-Level HLM Models Predicting the Relationship Between STEM Perceptions and
Key Predictors, Including the Mean Working Hard Score Derived From ESM Data
Post Interest
B
SE

Post Self-Concept
B
SE
df

Fixed Effects
df
2.78 ***
0.07
8
2.94 ***
0.06
Intercept
0.49 **
0.12
8
0.30 **
0.10
Mean working hard score
-0.01
0.01
130
0.00
0.01
Days attended
-0.10
0.12
130
-0.04
0.13
Female
0.63 ***
0.07
130
Individual STEM interest (pre)
0.37 ***
0.07
STEM self-concept (pre)
STEM aspirations – future plans (pre)
0.05
0.17
130
0.05
0.16
Science
0.03
0.22
130
0.08
0.20
Math
2
2
df
df
Random Effects
0.02
8
0.00
8
Intercept
0.05
8
0.00
8
Mean working hard score - slope
0.41
0.46
Level 1 error
Note. All predictors were grand-mean centered. † p < .10, * p < .05, ** p < .01, *** p < .001.

Post Aspirations
B
SE df

8

2.49

***

0.08

8

8

0.24

†

0.13

8

129

0.00

0.01

126

129

-0.42

**

0.16

126

0.38

***

0.09

126

129
129
129
2

df

0.00

8

0.00

8

0.73

(continued on following page)

110

Table 29 (continued)
Post Value –
College or Career
B
SE
df

Post Value –
General
B
SE
df

Fixed Effects
2.95 ***
0.10
8
2.96 ***
0.08
Intercept
0.42 **
0.12
8
0.61 ***
0.12
Mean working hard score
-0.02
0.02
128
-0.01
0.02
Days attended
-0.15
0.15
128
-0.06
0.14
Female
0.45 ***
0.08
128
STEM value – college or career (pre)
0.49 **
0.08
STEM value – general (pre)
0.19
0.25
128
0.18
0.19
Science
0.28
0.32
128
0.27
0.25
Math
2
2
df
df
Random Effects
0.04
8
0.01
8
Intercept
0.00
8
0.03
8
Mean working hard score - slope
0.68
0.56
Level 1 error
Note. All predictors were grand-mean centered. † p < .10, * p < .05, ** p < .01, *** p < .001.

8
8
128
128
128
128
128
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Table 30
Two-Level HLM Models Predicting the Relationship Between STEM Perceptions and
Key Predictors, Including Purpose-Related Experiences
Post Interest
B
SE

Post Self-Concept
B
SE
df

Fixed Effects
df
2.77
***
0.06
8
2.94 ***
0.06
Intercept
0.36 **
0.08
8
0.36 **
0.09
Purpose-related experiences
0.01
0.01
130
0.02
0.01
Days attended
-0.13
0.11
130
-0.07
0.11
Female
0.57 ***
0.07
130
Individual STEM interest (pre)
0.55 ***
0.07
STEM self-concept (pre)
STEM aspirations – future plans (pre)
0.12
0.16
130
-0.00
0.14
Science
0.03
0.20
130
-0.06
0.19
Math
2
2
df
df
Random Effects
0.00
8
0.00
8
Intercept
0.02
8
0.03 †
8
Purpose-related experiences - slope
0.41
0.38
Level 1 error
Note. All predictors were grand-mean centered. † p < .10, * p < .05, ** p < .01, *** p < .001.

Post Aspirations
B
SE df

8

2.50

***

0.07

8

8

0.20

*

0.09

8

129

0.01

0.01

126

129

-0.42

**

0.16

126

0.40

***

0.08

126

129
129
129
2

df

0.00

8

0.00

8

0.72
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Table 30 (continued)
Post Value –
College or Career
B
SE
df

Post Value –
General
B
SE

Fixed Effects
2.95 ***
0.10
8
2.98 ***
0.07
Intercept
0.39 **
0.09
8
0.47 **
0.10
Purpose-related experiences
-0.01
0.02
128
0.02
0.02
Days attended
-0.15
0.14
128
-0.08
0.13
Female
0.37 ***
0.08
STEM value – college or career (pre)
0.39 ***
0.08
STEM value – general (pre)
0.21
0.20
128
0.10
0.18
Science
0.33
0.30
128
0.14
0.23
Math
2
2
df
df
Random Effects
0.05
8
0.01
8
Intercept
0.01
8
0.03
8
Purpose-related experiences - slope
0.63
0.52
Level 1 error
Note. All predictors were grand-mean centered. † p < .10, * p < .05, ** p < .01, *** p < .001.

df
8
8
128
128

128
128
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Table 31
Percentage of Youth-Level Variance in
Post Survey STEM Outcomes Explained by Model

Model with …
Mean important score
Mean working hard score
Mean purpose-related experiences

Post
Post
Self
Post
Interest Concept Aspirations

Post
Value –
College
or
Career

Post
Value General

22.2%

15.3%

10.7%

13.8%

23.0%

25.4%

15.2%

7.8%

11.9%

23.7%

26.4%

29.9%

9.5%

18.2%

29.3%

CHAPTER 5

DISCUSSION

This study describes the extent to which self-transcendent goals and practices were
present in summer STEM programs for middle-school youth. Further, steps were taken to
explore how practices that fostered a self-transcendent orientation served to support (a) in-themoment feelings of interest, feelings that what they were doing was important, expressions of
working hard, and engagement; (b) the occurrence of purpose-related experiences detailed by
youth at the end of programming; and (c) changes in STEM-related youth outcomes on key
constructs believed to be related to possible continued engagement in STEM. In this sense, a
primary goal of the study was to explore the extent to which focusing on designing and
delivering STEM-oriented programs for youth in early adolescence with a focus on cultivating
purpose-related experiences may serve to help cultivate more sustained youth interest in and
engagement with STEM.
Overall, study results suggest that the provision of self-transcendent-oriented practices
was related to a cascading set of experiences youth had in programming that were related to
changes in the domain of STEM-related youth outcomes examined in the study. Summarized in
Figure 2, key relationships found to exist in the study are described as follows:
1. Programs characterized by a set of self-transcendent goals and objectives pertaining
to participating youth were more commonly observed to have adopted practices and
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approaches that provided youth with an opportunity to reflect on the causes of and
solutions to a local, community, environmental, and/or societal problem and work
on creating and/or delivering products, presentations, or projects that were meant to
educate others about the issue, present possible solutions, or make a contribution for
the benefit of others (these practices were termed self-transcendent supports and
opportunities in this study and in Figure 2).
2. When self-transcendent supports and opportunities were found to be present, youth
were more apt to report feeling that what they were doing was important.
3. In a similar fashion, youth attending a program with a set of self-transcendent goals
and objectives were more apt to report working hard at the activity they were
undertaking.
4. Average feelings that what they were doing was important and working hard scores
were also found to be positively related to youth reporting they had purpose-related
experiences while in the program on the youth post-survey. In this sense, cumulative
ESM-reported experiences found to be related to self-transcendent goals and
activities were also found to be related to youth’s summative reporting of purposerelated experiences at the conclusion of the program.
5. Finally, the more youth reported feelings that what they were doing was important,
expressed working hard in undertaking program activities, and reported having
purpose-related experiences in programming, the more apt they were to demonstrate
growth in STEM interest, self-concept, perceptions of value, and future aspirations
related to STEM between the pre and post administration of the survey.
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Figure 2. Summary of Key Relationships Found During the Study

The findings outlined in Figure 2 highlight the most pertinent relationships found to
exist as a result of the study. Further discussion of key study finding is outlined in the sections
that follow.

Purpose-Related Opportunities, Supports, and Activity Leader Value Statements
and Study Outcomes

One of the key distinguishing factors among programs enrolled in the STEM IE study
was whether or not the program had formally adopted some sort of goal or objective related to
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cultivating purpose-related experiences among participating youth, particularly in terms of (1)
imbuing youth with a sense of stewardship in relation to the local ecosystem or in protecting
endangered habitats or species or (2) providing youth with the opportunity to work toward the
completion of a culminating project that was meant to be beneficial to the school community.
Four of the nine programs enrolled in the STEM IE study articulated an intentional effort to
cultivate a sense of stewardship among participating youth in relation to the local ecosystem or
protecting endangered habitats or species more broadly. In this set of programs, a key
component of trying to accomplish this objective with participating youth was getting youth
into field-based settings where they could experience the local ecosystem directly and interact
with local wildlife and species. Collectively, these four programs had three times the number of
ESM episodes that took place in a field-based setting compared to the other programs enrolled
in the study. Study results demonstrated that youth were more apt to report feeling that what
they were doing was important when in these field-based settings.
It is hypothesized that a couple of key elements were potentially at work here. One
related to the concept of exposure. Programs seeking to cultivate a sense of stewardship among
participating youth created opportunities for youth to be exposed to and explore settings that
they otherwise would likely not have access to. This provided a mechanism for youth to
directly connect with, understand, and process the threats these ecosystems and species are
under and envision what would be needed to keep these threats at bay. Providing youth with
these types of exposure-oriented experiences seems reflective of the transformative learning
work described by Pugh, (2015), which involves delivering content in a way which helps youth
to connect their experiences with new STEM-related content knowledge developed within the

119
confines of the offering. In this sense, participating in field-based activities was seen as adding
to the bank of experiences youth could draw from when attempting to process new content
related to the causes and solutions of environmental issues that were being discussed.
Kohlberg’s (1975) work on using moral dilemmas as a way to support the moral development
of youth was also seen as being potentially applicable here given examples observed in these
programs where youth were asked to weigh the tension between the needs of contemporary
society and the preservation of local habitats and ecosystems. For example, in Marine
Investigators, youth were asked to consider the tension between economic development and the
need to preserve the water quality of Narragansett Bay.
In addition, there may have been an affective component at work here as well,
particularly when youth had the opportunity to connect with area wildlife. Youth feeling
sympathy for the plight of the animals they were working with could have further supported
youth connection with the activity in question in terms of its overall importance given previous
studies that have shown that sympathetic responding may be an important moderator between
moral reasoning and judgment and the decision to engage in altruistic behavior (Miller et al.,
1996). However, while field-based settings were found to be positively related to youth in-themoment experiences that what they were doing was important, this relationship was not
stronger in programs characterized by a self-transcendent set of goals and objectives as
predicted.
The remaining program characterized by a self-transcendent goal and objective (Urban
Architects) was different from the other programs with these goals in that its focus was on a
collective project that would make a lasting contribution to the school community where the
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program was located by designing and constructing an outdoor classroom space. In this case,
the mechanism for the potential engagement of youth seemed to be driven more by affording
youth opportunities to experience a sense of agency that came with completing the design
process and instantiating the plans for the resulting structure through collective effort as
described by Larson and Dawes (2015) and reinforced in the calls to provide youth with
opportunities to experience a sense of agency reflected in the purpose (Bronk, 2012; Damon,
2008), community service (Yates and Youniss, 1996), and youth development literature
(Larson & Angus, 2011). In Urban Architects then, field-based settings largely involved
learning and applying the construction techniques needed to build the outdoor classroom space
where youth were using these techniques to complete the project in question. In light of these
differences in how self-transcendent goals and objectives were instantiated across the given
programs in question, steps were taken to re-run the analyses testing the interaction between
field-based settings and programs with self-transcendent goals and objectives; however, this
time analyses were undertaken separately for the four programs focusing on stewardship and
Urban Architects with its emphasis on designing and building the outdoor classroom space.
Surprisingly, for the four stewardship-oriented programs, the interaction was found to be
significant and negative, meaning the presence of self-transcendent goals weakened the
relationship between field-based settings and youth feelings that what they were doing was
important (p < .05). In contrast, when the interaction was tested with Urban Architects
identified as the only program with a self-transcendent goal or objective, the interaction was
found to be moderately significant and positive (p < .10). These results, while very exploratory
given the number of programs involved, are potentially revealing and seem related to other
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findings derived from those models where ESM-derived experiences were the outcomes of
interest.
For example, probably the most robust finding from the study regarding selftranscendent-related practices was that the presence of self-transcendent supports and
opportunities was significantly and positively related to youth feeling that what they were
doing was important, while the mean important score across all ESM episodes was also
significantly related to youth reports of purpose-related experiences in programming and
growth on each of the STEM-related outcomes of interest. Interestingly, three of the six
practices underpinning this variable all relate to providing youth with opportunities to
experience a sense of agency by moving the central project associated with the program
forward, like in the case of Urban Architects, or are meant to make others aware of the
stewardship-related issue in question and enlist them in the cause:
•

Youth work on creating and/or delivering products, presentations, or projects that
are meant to educate others about the causes of a community or societal problem
and/or possible solutions.

•

Youth work on creating a product or completing a project which is directly helpful
to others.

•

Youth collect and/or analyze information that will help describe or inform solutions
to local or community problems.

Even one of the items represented on the purpose-related experiences scale on the postsurvey that was found to be related to growth on each of the STEM-related outcomes examined
includes some reference to youth having an agency-related experiences: Coming here has
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helped me to feel good because I was helping my community or the environment. This type of
reaction is very consistent with the types of experiences detailed by Bronk (2012) described by
purpose exemplars when they were in the earliest stages of connecting with the topic that
ultimately became their purpose in life. As Bronk notes, these initial experiences were largely
predicated on the enjoyment and satisfaction derived from being able to use their skills for the
greater good; receiving positive feedback on their efforts; and developing relationships with
mentors and peers with similar commitment and passion for the topic of interest. However, this
does not always mean that the process of reaching these outcomes are easy. There were plenty
of examples during the process of designing and building the outdoor classroom space where
challenges were encountered during the course of the process. Larson and Angus (2011) found
that such experiences can be especially beneficial for youth, developing what they termed
strategic thinking skills which they found emerged from wrestling with the challenges
associated with real-world scenarios and being able to plan how to carry out specific tasks and
work. Key to building these skills was working though challenges they encountered and getting
feedback on the outputs they produced. Yates and Youniss (1996) further reinforce this theme
based on their work in examining how youth benefit from participation in community service
activities by providing youth with an alternative context in which to face challenges and
overcome them, not for their own benefit, but the benefit of others and/or the common good,
thereby providing them with additional feedback on what they are capable of doing both now
and in the future. Results from this study suggest that these types of experiences may be useful
for promoting growth in youth’s interest in STEM, their STEM self-concept, perceptions of the
value of STEM, and future aspirations related to STEM. In this sense, the types of self-
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transcendent experiences documented during the course of this study very well could prove to
be the initial seeds in what could be a propitious beginning to the formation of a lasting identity
among some participating youth rooted in the belief in their ability to wield STEM content in
ways that are of benefit to others and society writ large.
However, while self-transcendent supports and opportunities were found to be
significantly and positively related to youth’s in-the-moment feelings that what they were doing
was important, these practices were not found to be related to youth situational interest,
expressions of working hard, or engagement contrary to the hypotheses specified at the onset of
this project. In this sense, there are important areas of optimal youth experience that are
seemingly not related to the self-transcendent practices examined. Episode quality measured by
using portions of the upper elementary version of the CLASS proved to be a much more
reliable predictor of the full array of ESM-related outcomes under consideration and generally
is seen as a prerequisite if youth are likely to witness the potential benefits of self-transcendentrelated practices represented by the domain of self-transcendent supports and opportunities
examined. Collectively, the instructional practices underpinning the episode quality score
constructed for the study serve to push youth thinking and cultivate a deeper understanding of
the content being explored within a given session. Instructional quality instantiated by tools and
frameworks like the CLASS are still critical in creating developmentally appropriate learning
environments for participating youth.
In addition, the presence of self-transcendent supports and opportunities also seemed to
matter in some instances for particular types of youth. For example, youth that were more apt to
see STEM as being useful for college or a future career at the start of the program were more
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apt to report having purpose-related experiences in programming on the youth post-survey, and
this relationship was strengthened when these youth were more frequently involved in
programming characterized by the presence of self-transcendent supports and opportunities.
This suggests that the provision of self-transcendent supports and opportunities may be more
impactful in situations where the youth attending programming already perceive STEM as
being valuable for their future.
Contrary to what was hypothesized, self-transcendent value statements were not found
to be related to any of the ESM episode or youth-level outcomes examined. This was even
found to be the case despite findings from the main STEM IE study that demonstrated that
utility value statements more broadly were positively related to reports of youth feeling that
what they were doing was relevant. It is not clear why exactly no significant relationship was
found, although another finding from the main STEM IE study may offer some additional
clues. One of the more surprising findings from the STEM IE study was that when study youth
were undertaking activities in field-based settings, they reported learning more when activity
leaders made fewer relevance statements, rather than more. It may be important to allow youth
to experience such authentic, field-based contexts in the moment and make meaning about it
later by reflecting on and discussing what transpired. Talking about it while the activity is
underway or trying to convey additional content in that moment might be distracting to
participating youth. Given that self-transcendent value statements were more commonly made
during the course of field-based activities, this may be a possible explanation for why these
statements were not found to be related to the ESM-related outcomes examined in the manner
hypothesized. However, engaging youth in reflection at a later time when there is space to do
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so regarding what youth experienced during such field-based activities is still critical to do. For
example, other studies have found that efforts to appropriately introduce reflection strategies in
relation to community service-oriented activities can serve to promote both the moral and
identity development of youth in important ways (Leming, 2001; McLellan & Youniss, 2003).
In this sense, provision of appropriately timed and structured reflection linked to community
service-related activities is likely a key element of these types of programs.

Limitations

There are three primary limitations and complications that warrant consideration in
reviewing study findings:
1. The analyses undertaken do not support causal inferences to be made about the role of
purpose-related instructional approaches and experiences in cultivating youth interest
and engagement in STEM. The analyses undertaken in conducting the study were
purely descriptive. As a consequence, while statements can be made about the
relationship between variables examined in the study, it is not possible to infer the
directionality of a given relationship with certainty or infer causality. A more robust
assessment of the role self-transcendent practices play in supporting key in-the-moment
program experiences and growth on outcomes associated with youth interest and
engagement in STEM could be undertaken by crafting a more rigorous intervention
study to explicitly test the viability of these practices using a more robust research
design like random assignment or a strong quasi-experimental design that betters
controls for issues of selection bias.
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2. The NSF study was not specifically designed to answer the domain of research
questions examined. In this sense, not all the constructs of interest may have been as
represented as well as would be ideal to answer the research questions. This was
particularly true in relation to (a) ESM items pertaining to the emotions youth were
feeling while participating in programing which did not include potentially relevant
constructs like sympathy or a sense of responsibility or obligation to take action,
emotions which may have been present in some situations where self-transcendent
processes were at work and (b) in how summative purpose-related experiences were
conceptualized on the youth post-survey, with the construct only being predicated on
two items that didn’t necessarily fully represent the spectrum of experiences which
could have been used to instantiate this construct. This is an area where more work
could be dedicated to better creating measures that more effectively capture the
variation in purpose-related experiences akin to those experienced by youth enrolled in
the STEM IE programs.

3. The number of youth involved in programming was relatively small, as was the number
of programs examined, which may have power implications in terms of detecting the
relationships that were hypothesized to exist. This was particularly an issue in relation
to the models that were constructed in relation to research questions four and five where
the number of level 2 units was limited to the nine STEM IE programs. This limited the
capacity to test the predictive value of program-level variables or explore how these
variables may have interacted in a manner that may have been related to the outcomes
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being examined. For example, the staffing model varied across programs, with some
programs reliant on a combination of school-day teachers and community educators,
while some programs were more dependent on the former. It would have been ideal to
explore how some of these additional program-level variables may have been related to
the domain of outcomes examined. In addition, there may have been differences across
programs in terms of the types of youth attracted to a given type of programming that
may have been related to the outcomes explored. This seemingly is a challenge
associated with undertaking studies that use the experience sampling method given the
difficulty in undertaking these studies in a large number of settings given the shear
effort that would need to be dedicated to collecting the ESM data in question.

Despite these limitations, the proposed study fills an important gap in understanding
how youth interest develops in STEM-related content areas and has the possibility of providing
practitioners with additional tools that can be employed to turn youth onto fields that are
critically important to the sustained economic viability and competitiveness of the United
States in the coming decades.

Areas for Further Research

An additional study finding worthy of note was that youth reported working harder
when enrolled in programs with a self-transcendent goal or objective, with the mean working
hard score also being predictive of youth reporting purpose-related experiences in
programming and growth on the domain of STEM outcomes examined. This is a particularly
curious and important finding since none of the self-transcendent-related variables examined
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were found to be related to youth interest or engagement in programming, which leads one to
wonder what was motivating youth to work harder in activities within programs with one or
more self-transcendent goal and objective. Of all the findings found to be associated with the
study, this finding is likely to be the most deserving of further research given the struggles
educators oftentimes encounter in motivating youth to work hard on undertaking learning tasks.
Being able to better identify the mechanisms behind this relationship may be especially
relevant to the STEM education community, both in and outside the formal school-day setting.
Key to further exploring what is occurring here is hypothesized to be potentially related to a set
of key emotional processes at work that go beyond the domain of emotion-related data
collected as part of the STEM IE study.
For example, work by Miller et al. (1996) suggested that sympathetic responding to a
given situation may be an important moderator between moral reasoning and judgment and the
decision to engage in altruistic behavior. This may be especially true among youth at lower
stages of moral development who need the affective response of sympathy to trigger the
motivation to take action, while youth at a higher stage of moral development may be
sufficiently motivated to help based on their belief in and the value they attach to moral truths
they have come to adopt and believe in. In either case, for programs with a stewardshiporiented goal in relation to participating youth, sympathy may be what was compelling youth to
work hard, even though they were less interested and engaged in the tasks in question. Yeager
et al. (2014) observed a similar phenomenon when testing an intervention oriented at getting
youth to consider self-transcendent goals when thinking about the relevance of school to their
future lives.
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Eisenberg et al. (2006) also suggest guilt may play a similar moderating role between
moral reasoning and helping behavior. In this instance, a failure to act in accordance with the
principles one has adopted or their ideal selves (Hart & Fegley, 1995) can lead to guilt about
not living up the expectations one has established for themselves, prompting one to action
which may not have been taken in the absence of experiencing such guilt. Finally, other
researchers have found that empathetic anger experienced by youth by encountering persons
that have been victimized and consequently are deserving of help can serve as the motivation
needed to prompt youth to altruistic action (Vitaglione & Barnett, 2003). In this sense,
emotions youth experience in a given situation can serve to moderate the relationship between
moral reasoning and judgment and the youth’s decision to engage in actions that demonstrate
caring, support, and help for others that manifest as working hard at the activity in question.
For programs like Urban Architecture, youth descriptions of working hard may be more
reflective of the satisfaction derived from working toward a collective goal and the sense of
belonging and mattering that can be engendered by contributing to something larger than the
self (Larson & Dawes, 2015). Efforts to explore these hypotheses would require expanding the
domain of emotions reflected in ESM data collection in similar types of programs with selftranscendent goals or objective and would allow for a more nuanced exploration into the role of
affective factors in motivating youth in STEM-oriented programs of this ilk.

Conclusion

This study set out to explore how practices and statements made by activity leaders
working in STEM-oriented summer learning programs for middle-school aged youth that were
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purpose-oriented may be related to youth having in-the-moment experiences associated with
interest and engagement in STEM and demonstrating growth on a series of outcomes that are
relevant to further connecting youth with STEM content in ways that shape their educational
and career trajectory. Key study findings suggest that providing youth with self-transcendent
supports and opportunities may result in youth feeling that what they are doing is important and
that these feelings over the span of the program may be associated with growth in STEM
interest, self-concept, perceptions of value, and aspirations. In particular, self-transcendent
activities that afford youth the opportunity to experience a sense of agency in working toward a
collective goal or undertaking a project that is meant to be beneficial or supportive of a greater
purpose or cause were seen as being important considerations when trying to explain the
relationship between self-transcendent practices and key youth outcomes. Adoption of these
practices may warrant consideration by STEM activity leaders working in afterschool and
summer learning programs in order to afford youth attending these programs the opportunity to
explore the degree to which STEM may be an important component of their identity as they
progress through high school and beyond and consider their career options.
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The programs enrolled in the STEM IE study were each supported by a city-level afterschool
intermediary in each of the two communities represented in the study. There were a number of
similarities between how each intermediary supported the summer programs enrolled in the
study and some important differences. Each intermediary was under contract with the city’s
school district to administer the summer programs and managed the process of formally
enrolling youth. In addition, each intermediary established guidelines for how the programs
would operate; outlined goals for the provision of academic content and support for social and
emotional learning; and provided training and professional development for program staff
aligned with the quality criteria and tools used by each intermediary.
However, the afterschool intermediary in community A was much more closely involved in the
provision of summer programming. This intermediary’s model was predicated on programming
being delivered by a trio of staff that co-designed and co-implemented the activities provided
during the span of the program – (1) a school-day teacher employed by the district; (2) a
community educator employed by a community-based organization responsible for providing
the field experiences for participating youth; and (3) an educator employed directly by the
intermediary. In addition, this particular intermediary also had decision making authority
around what staff were to be hired to staff each program team.
Each team employed by the afterschool intermediary in community A needed to submit a
detailed backwards plan outlining specific learning goals and objective and a day-by-day
curriculum plan for the entire summer program. Each of these documents were reviewed by
staff at the intermediary responsible for ensuring program quality who provided feedback and
guidance to enhance the quality of program offerings. Intermediary staff were responsible for
recruitment of youth, assigning them to specific programs, and managing transportation and
meals for participating youth. Programs sponsored by the afterschool intermediary in
community A also alternated between having youth in a classroom setting at one of two middle
schools one day and having youth in the field the next, either at the community-based
organization represented on the team for a given program or at another location pertinent to the
program. In this sense, there was a very large focus in providing youth with field experiences
outside the classroom setting.
Finally, the afterschool intermediary in community A had adopted a program philosophy
related to program design and delivery had been informed by quality criteria outlined in the
Youth Program Quality Assessment (YPQA), a validated observation tool which details the
types of supports and opportunities that should be present in developmentally appropriate
activities characterized by a high degree of support, positive interactions, and opportunities for
engagement.
In comparison, afterschool intermediary in community B was not involved in the day-to-day
running of individual programs, with decisions related to staffing and activity design left to the
individual summer programs. Programs supported by this intermediary intentionally separated
activities with more of an academic focus into specific program offerings taking place in the
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morning at each program, with STEM-oriented enrichment occurring in the afternoon. Like
afterschool intermediary in community A, this intermediary had adopted an observation-based
quality assessment tool, the Assessing After School Practices Tool (APT-O), which addresses
many of the same domains as the YPQA used by the afterschool intermediary in community A.

Table A1
Program Descriptions and the Number of Youth in Each Program

Program Name
Adventures in
Mathematics

Program Description
Primary content focus of program: Mathematics
Aims: The primary focus of the program was to develop the
basic math skills and prevent summer learning loss among
participating youth through direct instruction and participation
in math-related games.
Location/facilities: Classroom
Program size: 20
Ages/grades served: Rising 8th to 10th graders
Program structure: Youth participated in direct instructions
in mathematics and math-related games in small groups.
Program content was aligned with the state’s standards in
mathematics. The program took place for 5 weeks, Monday
through Thursday from 8:30 am to 12:30 pm.

Building Mania

Primary content focus of program: Building
Aims: The focus of the program was to provide youth with the
opportunity to experiment in designing and using simple
machines. During the course of program activities, youth were
provided the opportunity to learn about and use hinges, rollers,
weights, ramps, levels, and other technologies that support the
movement of objects. A primary goal of the program was also
to have youth engage in the engineering design process by
determining a need, brainstorming possible designs, selecting a
design, planning and drawing out the design, creating and
testing and revising it, and producing a final machine.
Additional skills developed by participating youth included
recording, graphing, and reporting experimental data and using
rulers, compasses, and graph paper to undertake program
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activities.
Location/facilities: Classroom, design labs, and other local
locations related to engineering
Program size: 24
Ages/grades served: Rising 6th to 9th graders
Program structure: Youth attended programming in a
classroom at an area middle school and in a field-based setting
on alternating days. Field-based settings included a design lab
at a community-based organization and field trips to sites in
the community related to the program’s focus. In week 1 of the
program, youth were introduced to simple machines. Week 2
focused on having youth learn about and work with inclined
planes, wedges, and screws. Week 3 was dedicated to levers,
and week 4 focused on wheel and axles. Projects completed
during the course of the program were presented at a showcase
on the last day of programming. The program took place for 4
weeks, Monday through Thursday from 9:30 am to 1:00 pm.
Comunidad de
Aprendizaje

Primary content focus of program: Science, Mathematics,
Building
Aims: The focus of the program was to help youth improve
basic skills in mathematics and develop interest in STEM
content and entrepreneurship.
Location/facilities: Classroom
Program size: 33
Ages/grades served: Rising 5th to 8th graders
Program structure: The program was split into morning
sessions characterized by direct instruction in mathematics for
individual grade levels and mixed grade level afternoon
enrichment sessions in either robotics or dance. The direct
instructions component of the programs was organized around
a theme of promoting entrepreneurship with the goal of helping
participating youth better see the relevance of mathematics to
future career goals and opportunities. Robotics involved
building, programming, testing, and modifying robots using
Lego Mindstorms EV3 kits to perform specific tasks. Dance
was oriented at help youth explore their creativity and science
through movement. The program ran for 6 weeks, Monday
through Thursday from 9:30 am to 3:00 pm.
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Island Explorers

Primary content focus of program: Science
Aims: Develop expertise on one species found in the local
ecosystem by reading and writing about related content for up
to an hour per day; undertake data collection and analysis tasks
to learn about the local ecosystem and how to communicate
scientific data; develop vocabulary about the local ecosystem;
use art to learn and communicate information; and draft,
revise, edit, illustrate and publish a book illustrating important
elements of the species being studied..
Location/facilities: Classroom, local ecosystem
Program size: 27
Ages/grades served: Rising 6th graders
Program structure: Youth spent the morning in more
academically-oriented sessions in a classroom setting, while
afternoon sessions involved STEM-oriented enrichment
sessions taking place outside with an emphasis on exploration
of the local ecosystem. In week 1, students explored what an
ecosystem is and what ecosystems exist on the island. In week
2, youth explored how organisms are interrelated and how
organisms have adapted. In week 3, biodiversity and human
impacts on ecosystems were explored. In week 4 and 5, final
projects were drafted and published. The program ran for 5
weeks, Monday, Tuesday, Thursday and Friday from 10:00 am
to 3:00 pm.
Other: Outward Bound-associated program.

Jefferson House

Primary content focus of program: Mathematics, Science
Aims: In addition to supporting the development of basic math
skills, the program was primarily focused on helping youth
develop problem solving, self-improvement, and critical
thinking skills.
Location/facilities: Classroom housed in a community-based
organization
Program size: 11
Ages/grades served: Rising 7th graders
Program structure: Youth spent the morning in more
academically-oriented sessions in a classroom setting focusing
on basic skill development, while afternoon sessions involved
STEM-oriented enrichment sessions involving media, art, and
nutrition. Enrichment offerings varied by day, with math
sessions occurring twice per week, alternating with
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academically oriented sessions in the am that were oriented at
supporting skill development in English/language arts. The
program took place for 5 weeks, Monday through Thursday
from 10:45 am to 2:25 pm.
Marine
Investigators

Primary content focus of program: Science
Aims: The focus of the program was to provide youth with
opportunities to learn about and experience Narragansett Bay;
examine human impacts on the local ecosystem, including how
the geography of the Bay helped influence human history and
how the history of humans along the shoreline has impacted
the Bay, and begin the process of cultivating a sense of
stewardship among participating youth for caring for and
protecting the Bay in the future.
Location/facilities: Classroom, shoreline along the bay, ship
on the bay, various field locations associated with bay health
Program size: 19
Ages/grades served: Rising 7th to 9th graders
Program structure: Youth attended programming in a
classroom at an area middle school and in a field-based setting
on alternating days. Field-based settings included the local bay
shoreline, a voyage on a marine education ship conducting
research in the Bay, and field trips to sites in the community
related to the program’s focus. Week 1 focused on introducing
youth to the bay, exploring how garbage impacts the bay, and
the role of recycling in addressing this problem. Week 2
focused on the issue of water quality in the bay and the role
sewage treatment plays in preserving Bay health. The intent of
week 3 was to the impact of watershed policy on preserving
habitats. Week 4 allowed youth to work on a buoyancy lab and
get familiar with additional species in the Bay. During the span
of the program, youth had the opportunity to participate in both
a water quality research study and a service learning project
related to storm water diversion. The program took place for 4
weeks, Monday through Thursday from 9:30 am to 1:00 pm.

The Ecosphere

Primary content focus of program: Science
Aims: The focus of the program was to explore the marine life
of Narragansett Bay through hands-on experiences that
familiarized youth with aquatic creatures like sharks,
invertebrates, and tropical strays and the environment these
creatures live in. A key goal of the program was to provide
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youth with the opportunity to consider how human actions
affect marine habitats and what steps they can take to become
better stewards of their environment. Efforts were undertaken
to build youth content knowledge in the areas of ecosystem
preservation, marine biology, and water quality, and related
skills, such as questioning, showing initiative, data collection,
measuring, maintaining an ecosystem, and analyzing water
samples.
Location/facilities:: Classroom setting, shoreline, science
education center
Program size: 27
Ages/grades served: Rising 6th to 9th graders
Program structure: Youth attended programming in a
classroom at an area middle school and in a field-based setting
on alternating days. Field-based settings included a science
education center at a community-based organization and field
trips to sites in the community related to the program’s focus.
Daily activities began with a discussion and involved daily
journaling and data collection for a group specimen collection
and scrap book. Activities during week 1 of the program
focused on introducing local marine life, the Fibonacci
sequence, and how to care for marine life living in tanks (e.g.,
maintaining salinity, pH, temperature, etc.). Week 2 was
focused on water flow and interconnectedness between land
and sea, while week 3 was dedicated to the importance of apex
predators, specifically sharks. Week 4 focused on density and
how it affects animals and included a shark dissection. A
culminating group project incorporating something learned
during each day of camp was presented at a final showcase.
The program took place for 4 weeks, Monday through
Thursday from 9:30 am to 1:00 pm.
Other: Blog and Pinterest used as outlet for students to display
their knowledge.
Uptown
Architecture

Primary content focus of program: Building
Aims: The primary focus of the program was to have youth
participate in a process to design and build an outdoor learning
space for use at the middle school where the program was
housed. A key focus of the program was to provide youth with
the opportunity to use design-thinking as a problem solving
tool and have the experience of affecting their community in a
positive way through the design/build process. Youth were
afforded the opportunity to learn how to work as part of
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collaborative team, develop their presentation skills, and learn
basic carpentry skills and building techniques (e.g., using tape
measures, miter saws, drills, etc.).
Location/facilities: Classroom, building shop, various field
locations
Program size: 16
Ages/grades served: Rising 6th to 9th graders
Program structure: Youth attended programming in a
classroom at an area middle school and in a building shop
located at a community-based organization on alternating days,
while also taking field trips to locations associated with the
program’s overall theme. Week 1 of the program was
dedicated to identify the needs of the school community and
how their project could address these needs, while week 2 was
focused on the design of the outdoor learning space. Week 3
was focused on obtaining and prepping materials for the build,
while week 4 was focused on the actual construction of the
final project. The program took place for 4 weeks, Monday
through Thursday from 9:30 am to 1:00 pm.
Zoology Partners

Primary content focus of program: Science
Aims: The primary focus of the program was to support the
development of content knowledge related to the issue of
endangered species, including how species become
endangered, processes for monitoring ecosystem viability and
population levels, solutions to prevent species from becoming
endangered, and exploring approaches around how to revive
populations that are currently endangered. Youth were exposed
to new terminology in these areas, afforded the opportunity to
partake in field work in local ecosystems to identify key
indicator species, and explore the type of work scientist
undertake in this area. It was also intended that youth would
develop a sense of empowerment and stewardship in terms of
helping endangered species.
Location/facilities: Classroom, zoos, parks, and other natural
areas
Program size: 26
Ages/grades served: Rising 6th to 9th graders
Program structure: Youth attended programming in a
classroom at an area middle school and in a field-based setting
on alternating days. Field-based settings included a local zoo
and field trips to sites in the community related to the

147
program’s focus. Week 1 of the program explored why species
become endangered, while 2 focused on conservation efforts.
Week 3 focused specifically on conservation efforts related to
water habitats, while week 4 focused on the process of
studying animals and how different types of scientists
undertake this work. Youth also completed journals daily,
participated in debriefing and reflection sessions, and engaged
in team-building and inquiry activities. The final day of the
program involved showcasing a culminating project drawn
from the work completed by youth during the course of the
program. The program took place for 4 weeks, Monday
through Thursday from 9:30 am to 1:00 pm.

APPENDIX B
PRE- AND POST-YOUTH SURVEYS
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STEM Interest and Engagement Study: Youth Survey
Youth Name:
This is a survey about the things you are interested in and about this program. The information
will be used to learn how programs such as this one help youth become interested in science.
There are no right or wrong answers! This is not a test!
Your answers will be kept private—no one in the program or your family will know what
you answered. But to keep your answers private, you must tear off this page with your name
on it before you turn this survey in. All answers will be sent to the study researchers, who will
pull together all the information, without any names.
Please answer each question by filling in the circle next to the answer. Some questions ask you
to fill in only ONE circle, and other questions ask you to fill in ALL the circles that apply to
you. For example:
Example 1 (Fill in only one circle.)
How many days do you come to this
program each week?

One

Two

Three

Four

Five





●





Example 2 (Fill in all the circles that apply to you.)
What activities do you participate in during this program? Fill in ALL the circles that are
next to activities you are in.
●

Homework help



Computers

●

Art

●

Basketball

1. What are your favorite classes in school? Please name up to three classes.
__________________________________________________________________________
2. What are your favorite things to do outside school? Please name up to three things.
__________________________________________________________________________
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3. Did you go to any classes, clubs, or programs last summer or after school last year
where you learned about:
Yes

No

I’m not
sure

a. Science







b. Math







c. Computers







d. Building (like robots or Legos).







4. How much do you like to do these things?
Not at
all

A little

Somewhat

Very
much

a. I like to watch TV shows about animals or
nature









b. I like to watch TV shows about discoveries









c. I like visiting science museums or zoos









d. I like reading science magazines









e. I get excited to do a science activity









f.









g. I like to solve problems









h. I like to plan and make things that work









I like reading science fiction books

i.

I like to take things apart to learn more about
them









j.

I like to see how things are made (for example,
ice cream, a TV, an iPhone, energy)









k. I would like to get a science kit as a gift (for
example, a microscope or a robot)









l.









I like playing games that make me think.
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5. How true is each of the following sentences?
Not at all
true

A little
true

Somewhat
true

Really
true

a. I am interested in science.









b. I am good at science.









c. At school, I expect to do well in science.









d. At school, science is fun.









e. At school, I learn a lot about science.

















g. It is important to me to be good at science.









h. What we study in science class is useful to
know.









f.

I would be good at learning something new
in science.

i.

I can see how what I learn from science
applies to life.









j.

I have always been fascinated by science.









k. I would like to understand more about
scientific explanations for things.









l.

















Not at all
true

A little
true

Somewhat
true

Really
true

a. I am interested in math.









b. I am good at math.









c. At school, I expect to do well in math.









d. At school, math is fun.









e. At school, I learn a lot about math.









f.









g. It is important to me to be good at math.









h. I can apply what we learn in math class to
real life.









i.

What we study in math class is useful to
know.









j.

I have always been fascinated by math









Science will be important to me for college.

m. Science will be important to me for a
career.

6. How true is each of the following sentences?

I would be good at learning something new
in math
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Not at all
true

A little
true

Somewhat
true

Really
true

k. I would like to understand more about
mathematical explanations for things.









l.

















Not at all
true

A little
true

Somewhat
true

Really
true

a. I am interested in building things.









b. I am good at building things.









c. At school, I expect to do well when we
build things.









d. At school, building things is fun.









e. At school, I learn a lot about building
things.









I would be good at learning something new
about building things.









g. It is important to me to be good at building
things.









h. I can apply what we learn about building
things to real life.









Math will be important to me for college.

m. Math will be important to me for a career.

7. How true is each of the following sentences?

f.

i.

What we study about building things is
useful to know.









j.

I have always been fascinated by building
things.

















Building things will be important to me for
college.









m. Building things will be important to me for
a career.









k. I would like to understand more about
building things.
l.
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8. Whose idea was it to sign up for this summer program? Pick all that apply
a. It was my idea to sign up.



b. My parents or guardian wanted me to sign up.



c. My friend(s) wanted to me to sign up.



d. One of my school-day teachers wanted me to sign up.



e. One of my afterschool activity leaders wanted me to sign up.



9. How much have you been looking forward to this summer program? (Pick one.)
a. Not at all. I don’t want to be here.



b. I have been sort of looking forward to it.



c. I have been really looking forward to it.



10. Are the following people in this summer program?
Yes

No

Don’t Know

a. Your friends







b. Teachers from school who you like







c. Activity leaders you like from after
school programs you went to







Yes

No

Don’t Know

a. Learn new things about science







b. Build things







c. Do experiments







d. Go to places I have never been before







e. Work on projects







f.







g. Make new friends







h. Have lots of fun







11. What do you think you will do in this summer program?

Learn about what scientists do
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12. How sure are you about these things in this summer program?
Not at all
sure

Somewhat
sure

Fairly sure

Completely
sure

a. I can do well even if activities are
hard.









b. I can learn the material in this
program.









c. I can to meet my goals in this
program.









d. I can do well in this program.









13. As things stand now, how far in school do you think you will go? (Pick one.)
a. Go to high school but not graduate



b. Graduate from high school, but not go any further



c. Go to college



d. Graduate from college



e. Get advanced degree, like M.D., Ph.D., law



f.



I do not know how far I will go.

14. If you plan to go to school after high school, what do you think you will study?
(e.g., science, art, computers, psychology, literature, engineering)
__________________________________________________________________________
15. What job do you think you will have when you are 30 years old?
__________________________________________________________________________
16. Please circle how much you agree with each sentence.
Disagree
a lot

Disagree
a little

Agree a
little

Agree a
lot

a. It would be interesting to work in a science or
computer laboratory.









b. In my future job, I would like to use the
science and math I learn in school.









c. I would seriously think about becoming a
scientist, mathematician, or engineer when I
finish school.









Thank You!
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STEM Interest and Engagement Study: Youth Post-Survey
Youth Name:
This is a survey about the things you are interested in and about this program. The information
will be used to learn how programs such as this one help youth become interested in science.
There are no right or wrong answers! This is not a test!
Your answers will be kept private—no one in the program or your family will know what
you answered. But to keep your answers private, you must tear off this page with your name
on it before you turn this survey in. All answers will be sent to the study researchers, who will
pull together all the information, without any names.
Please answer each question by filling in the circle next to the answer. Some questions ask you
to fill in only ONE circle, and other questions ask you to fill in ALL the circles that apply to
you. For example:
Example 1 (Fill in only one circle.)
How many days do you come to this
program each week?

One

Two

Three

Four

Five





●





Example 2 (Fill in all the circles that apply to you.)
What activities do you participate in during this program? Fill in ALL the circles that are
next to activities you are in.
●

Homework help



Computers

●

Art

●

Basketball
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1. When you are at this summer program…

a. Do you get to choose how you
spend your time?
b. Can you suggest your own ideas for
new activities?
c. Do you get to choose which
activities you do?
d. Do you get to help plan activities
for the program?
e. Do you get the chance to lead an
activity?
f. Do you get to be in charge of doing
something to help the program?
g. Do you get to help make decisions
or rules for the program?

Never

Rarely

Sometimes

Often

























































2. What are the teachers and staff members like at this summer program?
Is there an adult here …

a. Who is interested in what you think
about things?
b. You can talk to when you are
upset?
c. Who helps you when you have a
problem?
d. You enjoy being around?
e. Who has helped you find your
special interests and talents (what
things you are good at)?
f. Who asks you about your life and
goals?
g. Who you will miss when the
program is over?

Not at all
true

A little true

Somewhat
true

Really true
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3. At this summer program, how do kids get along?
Not at all
true

A little true

Somewhat
true

Really true









































a. Kids here are friendly with each
other.
b. Kids here treat each other with
respect.
c. Kids here listen to what the teachers
tell them to do.
d. Kids here tease or bully other kids.
e. Kids here support and help one
another.

4. How has this summer program helped you? After you have answered each
question, go back and circle the three items where you think the program helped
you the most.

Coming here has helped me ….

a.
b.
c.
d.
e.
f.
g.
h.
i.
j.
k.
l.

Feel good about myself.
With my confidence.
Make new friends.
Find out what is important to me.
Find out what I’m good at doing.
Find out what I like to do.
Discover things I want to learn more
about.
Learn things that will help me in
school.
Learn things that will be important
for my future.
Think about what kinds of classes I
want to take in high school.
Think about what I might like to do
when I get older.
Learn about things that are
important to my community or the

Not at
all true

A little true

Somewhat
true

Really
true
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environment.
m. Feel good because I was helping my
community or the environment.









5. What did you like best about this program?
__________________________________________________________________________
6. If you were in charge, how would you change this program?
__________________________________________________________________________
7. Would you recommend that your friends come to this program next year?  Yes
 No
Please explain why or why not:
__________________________________________________________________________
8. How true is each of the following sentences?
Not at all
true

A little
true

Somewhat
true

Really
true

a. I am interested in science.









b. I am good at science.









c. At school, I expect to do well in science.









d. At school, science is fun.









e. At school, I learn a lot about science.

















g. It is important to me to be good at science.









h. What we study in science class is useful to
know.









f.

I would be good at learning something new
in science.

i.

I can see how what I learn from science
applies to life.









j.

I have always been fascinated by science.









k. I would like to understand more about
scientific explanations for things.









l.









Science will be important to me for college.
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Not at all
true

A little
true

Somewhat
true

Really
true









Not at all
true

A little
true

Somewhat
true

Really
true

a. I am interested in math.









b. I am good at math.









c. At school, I expect to do well in math.









d. At school, math is fun.









e. At school, I learn a lot about math.









f.









g. It is important to me to be good at math.









h. I can apply what we learn in math class to
real life.









i.

What we study in math class is useful to
know.









j.

I have always been fascinated by math









k. I would like to understand more about
mathematical explanations for things.









l.

















Not at all
true

A little
true

Somewhat
true

Really
true

a. I am interested in building things.









b. I am good at building things.









c. At school, I expect to do well when we
build things.









d. At school, building things is fun.









e. At school, I learn a lot about building
things.









m. Science will be important to me for a
career.

9. How true is each of the following sentences?

I would be good at learning something new
in math

Math will be important to me for college.

m. Math will be important to me for a career.

10. How true is each of the following sentences?
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Not at all
true

A little
true

Somewhat
true

Really
true

I would be good at learning something new
about building things.









g. It is important to me to be good at building
things.









h. I can apply what we learn about building
things to real life.









f.

i.

What we study about building things is
useful to know.









j.

I have always been fascinated by
building things.









k. I would like to understand more about
building things.









Building things will be important to me for
college.









m. Building things will be important to me for
a career.









l.

11. As things stand now, how far in school do you think you will go? (Pick one.)
a. Go to high school but not graduate



b. Graduate from high school, but not go any further



c. Go to college



d. Graduate from college



e. Get advanced degree, like M.D., Ph.D., law



f.



I do not know how far I will go.

12. If you plan to go to school after high school, what do you think you will study?
(e.g., science, art, computers, psychology, literature, engineering)
__________________________________________________________________________
13. What job do you think you will have when you are 30 years old?
__________________________________________________________________________
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14. Please circle how much you agree with each sentence.
Disagree
a lot

Disagree
a little

Agree a
little

Agree a
lot

a. It would be interesting to work in a science or
computer laboratory.









b. In my future job, I would like to use the
science and math I learn in school.









c. I would seriously think about becoming a
scientist, mathematician, or engineer when I
finish school.









15. How much do you think your participation in this study disrupted your learning in this
program? (fill in only one)
Not at all

Only a little bit

Somewhat

Very much









16. How much do you think your participation in this study improved your learning in
this program? (fill in only one)
Not at all

Only a little bit

Somewhat

Very much









Thank You!

APPENDIX C
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STEM Interest and Engagement Study
Experience Sampling Form
1. As you were signaled, where were you?
• Classroom
• Outside
• Other – locations customized for program
2. As you were signaled, were you doing what you were supposed to be doing?
• Yes
• No
3. As you were signaled, what were you thinking about?
• Something related to the activity
• Something unrelated to the activity
4. As you were signaled, were you working alone on this activity?
• Yes
• No
[If no is selected] Please select all of the people you were working with on this activity.
• A partner
• A small group
• The whole group
• Leader(s)
• Teacher(s)
• Other

1.
2.
3.
4.
5.
6.

How challenging was the main activity?
Were you good at the main activity?
Was the main activity interesting?
Was the main activity important to you?
Was the main activity important to your future
goals?
Could you see yourself using what you were
learning in the main activity outside this
program?

Not at All

A Little

Somewhat

Very
Much
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Not at All

A Little

Somewhat

Very
Much

















































































7. As you were signaled, did you enjoy what you
are doing?
8. As you were signaled, how well were you
concentrating?
9. As you were signaled, were you learning
anything or getting better at something?
10. As you were signaled, did you feel in control of
the situation?
11. As you were signaled, how hard were you
working?
12. How HAPPY were you feeling?
13. How EXCITED were you feeling?
14. How FRUSTRATED were you feeling?
15. How BORED were you feeling?
16. How STRESSED were you feeling?

17. Additional comments or thoughts? (open-ended)

APPENDIX D
ACTIVITY LEADER INTERVIEW PROTOCOL
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Interview Protocol for Activity Leaders, STEM IE Study
Thank you for taking the time to speak with me today. As you are aware, the purpose of this
interview is to learn more about your implementation of Science, Technology, Engineering, and
Math (STEM) activities. We are interested in how Summer STEM programs promote
participants’ interest and engagement.
We are going to begin with some general questions about you and your program and then we
are going to watch a video together so we can get more specific about topics that relate to your
STEM programming, we will conclude the interview with some general items.
We will take every measure possible to protect the privacy of interviewees as well as to ensure
the confidentiality of the data collected. We would like to record this interview for note-taking
purposes only. We won’t name you by name in the report, although your program will be
featured in it. Is that OK?
The interview should take no more than one hour. If you have any questions or want
clarification on a question, please feel free to ask at any time.

A. Activity Leader Background
Let’s start by talking about your role in the program.

1. Please tell me about your role and experience at this program. (Only if not provided
in the survey, probe for details in the following areas.)
a. Responsibilities
b. Duration of tenure at the site and in the organization
We are interested in learning about the kinds of staff who work at the program and how they
are trained to support the STEM program.

2. What is your professional background? (Only if not provided in the survey, probe
for details in the following areas.)
a. Previous teaching or youth work experience, including prior experience with
afterschool and expanded learning programs
b. Educational background (briefly: degrees, institutions)
c. Teaching credential or credential related to youth development, or child care
d. Training specific to one or more STEM areas.
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3. (If not mentioned in the survey, probe for details in the following areas.)
Are you also a staff member in an afterschool program? If so, what do you do there?

4. If you are also a teacher or activity leader during the school year, how is your
teaching the same or different between the school year and summer?
5. You are working in X program. How interested are you personally about topics in
that area? How did you get interested? In a nutshell why do you think X (e.g.
design, exploring the bay, mathematics etc) is important to learn about?

B. Program Overview Now let’s talk about your program in general.
6. What are the main goals of the program? Would you say it focuses on Science,
Technology, Engineering or Mathematics or some combination of those?
7. Let’s look over a typical weekly schedule. Tell me about your program. How did/do
you decide on which programs and activities to offer? How often, if at all do you
change the schedule or activities?
Probes: Is there a formal curriculum, which one?
Lesson plans from past summers (your own/others)?
Adaptations from school year? Other resources?
8. What kinds of settings do you have access to for STEM summer activities (e.g.,
classrooms, labs, computer labs)?
How are you using these settings?
Which settings do you use the most?
In which settings do you find youth most interested and engaged in activities?
Why do you think they are most interested and engaged there?
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C. Program Practices
We are interested in learning about your (instructional) practices aimed at promoting
STEM learning.
9. You/this program is known for being engaging and interesting. How do you engage and
interest youth in the content you are teaching?

10. What’s the value of having young people work with one another? How do you have
them work together? Probe: How often and under what circumstance do you use:
a. One-on-one instruction or independent activities
b. Large/whole group instruction/activities
c. Peer-to-peer learning

11. How do you build relationships with youth in the program? Why are those
relationships important?
12. Tell me about opportunities that young people have to control their experience in the
program. What opportunities do you provide that allow young people to lead, have a
say in what they do, and ultimately make decisions for themselves? Probe: choices,
leadership opportunities, inquiry/youth questions.
13. What do you see as the value of active learning? How do you incorporate active
learning (e.g., hands-on, minds-on, project based, inquiry) into the sessions? Can
you give an example that represents your approach?
14. What challenges did you encounter in trying to deliver the programming you planned to
provide?

D. Recording Reflection. We have been talking about your program in general, but now I want to
turn to your STEM activities that we recorded. Let’s take a few minutes to watch a recording of
your program.

15. What was the goal/purpose of this activity?
16. How did you decide on and plan this activity? Is this part of a series or set of activities?
17. We talked previously about active learning. Did you employ any of those strategies here?
Probe: Why, why not, and how?
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18. What are the key concepts you wanted youth to take away from the activity? Do you think
most young people got this? Why/why not?
a. Would you say the activity was generally an effective way to promote these concepts?
Interest youth in these concepts? Why/why not?
b. What kinds of cues from participants suggested to you that this was an effective/ineffective
way to convey/interest them in these concepts?
c. Do you think you will use this activity again in future programs? Why/why not? If so,
would you do anything differently?
d. Was there anything going on related to this project that we didn’t get to see that week? For
example, were participants’ doing work on other days or at home?

19. Is there anything else you want to tell me about this activity? PROBE: What were the
challenges you encountered in leading this activity? SECOND LEVEL PROBE (when
relevant): We noticed that some discipline issues arose here. Could you comment on what that
was like for you?

E. STEM Futures (STEM Self-Concept) We want to hear more about how your program aims
to promote a positive STEM future for your participants.

20. Youth usually enter programs like this with varying levels of interest in and commitment to
the topic/subject. How do you manage these varying levels of interest?

21. How do you promote the value of the topic you are teaching for the program
participants? PROBES: Do you try to link the content to their own lives? To issues
that are important in their community? In what ways? Are youth exposed to careers
related to the topic that you teach? Role models? Are participants exposed to goal
setting or plans for postsecondary education or training? If so, how?

F . Wrap Up
22. Did our presence in your program influence the way you or participants acted? If so, how?
23. Were there other things going on in the program, community, or world during that week
that you think changed the way you or your participants acted? If so, what?
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24. In addition to the challenges previously identified, what barriers or challenges have
you encountered in trying to create structures to implement the STEM program and
how have you overcome them?
25. Is there anything else you would like to tell us about the program’s STEM
activities?

APPENDIX E
RASCH-BASED CALIBRATION PROCEDURES
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Procedures for Creating Scale Scores for Pre-Post Youth Survey Data
Rasch calibrations were first run using both pre- and post-survey data for the scale in
question in order to estimate the threshold calibrations associated with the survey rating scale,
which used a four-point scale (not at all true, a little true, somewhat true, and really true). The
threshold calibrations provide empirically derived boundaries that distinguish one rating scale
response option from another. Since both the pre- and post-surveys employ the same scale,
these calibrations were derived using both sets of data.
Next, the pre-survey data only was calibrated to obtain survey scale scores, anchoring
threshold calibrations to the values derived from the analysis of the combined dataset. As part
of the analysis of the pre-survey data, item difficulty estimates were obtained for each of the
items making up a given scale. Finally, the post-survey data was calibrated, again anchoring
threshold calibrations to the values derived from the analysis of the combined dataset and to the
item difficulty estimates derived from the calibration of the pre-survey data. This last step
helped ensure that a consistent frame of reference is used when comparing pre- and post-data.
Failing to do this may have masked changes in youth functioning between pre- and postadministrations of the survey, given that substantive changes in youth beliefs and attitudes pre
to post may have served to change the item difficulty estimates between the administrations of
the two versions of the survey. In this sense, youth represented in the sample may have found it
easier to endorse response options on the post version of the survey that indicate that the
concept described by the item as being more true about themselves, thereby lowering the
difficulty of the item.

APPENDIX F
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Value
Site ID
Date of Visit

ESM Signal Number
6th Grade Math

7th Grade Math
8th Grade Math

Dance
Robotics

Observed
Active Participation

1

The activity involves
concrete experiences
involving materials, people,
and projects (e.g., field
trips; experiments;
practicing dance routines; ,
etc.).
The activity involves
abstract learning of
concepts (e.g., talking
about a topic; lectures;
staff providing formulas,
etc.)

2
Higher Order Thinking

3

Staff encourage youth to
deepen or extend
knowledge (e.g., staff asks
youth questions that
encourage youth to
analyze, define a problem,
make comparisons,
predictions, applications,
inferences, generate
alternate solution, etc.)

Not
Observed

No
opportunity
to observe

Notes/
Observations
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Observed

4

Staff has youth make
connections between
session activities and
other knowledge or
experience (e.g., youth's
prior knowledge;
personal interest;
hobbies; goals; related
careers; real world
applications or issues,
etc.)
Staff encourage youth in
using their creativity,
curiousity, or imagination
(e.g., staff encourage
youth to think outside the
box; to use knowledge
and skills in new ways;
encourages wonder).

5
Belonging and Collaboration
6

Youth work toward
shared goals (in a group
or individually).
Youth share their ideas
and opinions about the
content/structure of the
activity.

7
Opportunities for Agency

8

9

10

Staff shares control of
actvities with youth,
providing guidance and
facilitation while retaining
overall responsibility.
Youth are participating in
activities that will
eventually lead to the
creation of a tangible
product or culminating
event.
Youth are participating in
activities that allow them
to explore and discover
new things on their own.

Not
Observed

No
opportunity
to observe

Notes/
Observations
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Observed
Youth are making plans
for projects or activities.

Not
Observed

No
opportunity
to observe

Notes/
Observations

11
Supports and Opportunities Related to the Pursuit of Self-Transcendent Goals

12

13

14

15

16

17

Staff make statements
which define or articulate
the causes of a local,
community,
environmental, and/or
societal problem.
Staff make statements
about the need for action
to be taken to preserve,
protect, or advance a
local ecosystem, species,
or community.
Staff ask youth to reflect
on what should be done
to preserve, protect, or
advance a local
ecosystem, species, or
community.
Youth work on creating
and/or delivering
products, presentations,
or projects that are
meant to educate others
about the causes of a
community or societal
problem and/or possible
solutions.
Youth are working on
creating a product or
completing a project
which is directly helpful
to others.
Youth collect and/or
analyze information that
will help describe or
inform solutions to local
or community problems.

177

Observed
STEM Skill Building

18

19

20

21

22

Staff ask youth to make
predictions, conjectures,
or hypotheses (e.g., "if
you …, then what will
happen?")
Staff support youth in
using a simulation,
experiment, or model to
answer questions,
explore solutions, or test
hypotheses (e.g., Youth
run a robotics program to
determine whetherit does
what they expect it to;
Youth try an alternate
way to solve an equation
and test their results
against another example,
etc.)
Staff support youth in
analyzing data to draw
conclusions (e.g., after an
experiement, youth are
asked to use results to
make a generalization like
"Your heartbeat increases
when you exercise", etc.)
Staff support youth in
collecting data or
measurng (e.g., Youth use
rulers or yardsticks to
measure length; Youth
count the number of
different species of birds
observed in a specific
location, etc.)
Staff support youth in
using tools of the field
(e.g., youth use
calculators for
mathematics; ph-tests for
biology; woodworking
tools for building, etc.)

Not
Observed

No
opportunity
to observe

Notes/
Observations
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Observed

23

24

25

Staff highlight value of
precision and accuracy in
measuring, observing,
recording, or calculating
(e.g., measurement error
can impact an experiment
or conclusion; measure
twice, cut once; scientist
always need to doublecheck their claculations
before drawing
conclusions; you must
observe carefully to see
the difference between
various species of
sparrows, etc.)
Staff model use of STEM
vocabulary terms (e.g.,
SCIENCE - chlorophyll,
density, atomic, nuclear,
geologic, light year;
ENGINEERING - torgue,
currents, force; MATH rate of change, slope,
percent, etc.)
Staff support youth in
using classification and
abstraction, linking
concrete examples to
principles, laws,
categories, and formulas
(e.g., Mice, porcupines,
and squirrels are all
rodents, rodents are all
mammals; The pool ball
moved because for every
action, there is an equal
and opposite reaction;
etc.)

Not
Observed

No
opportunity
to observe

Notes/
Observations
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Observed

26

Not
Observed

No
opportunity
to observe

Staff support youth in
conveying STEM concepts
through symbols,
models, or other
nonverbal language (e,g,
youth use diagrams,
equations, flowcharts,
outlines, mock-ups,
desgin software,
dioramas, physical
models, prototypes,
graphs, charts, tables,
equations, etc.)
Which of the following subject areas was most prevalent during the activity?

Value
Science
Mathematics
Building
No content area

Notes/
Observations

APPENDIX G
VALUE CODING PROTOCOL
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Coding Value Instances from STEM IE (adapted from IMUScLE)
Event coding will focus exclusively on value statements made by any of the Activity Leaders.
Youth statements will not be coded. In cases where leaders make value statements as part of
an interchange with youth, we will code the leaders’ statements only.
Defining a value instance. A leader comment that contains a single instance of any type of
value statement (i.e., we can identify and code V1), and the initiator (V2) and referent audience
(V3) does not change. Any change in the type of value (V1), the initiator (V2), or the referent
audience (V3) signals a new event. In the case of a utility value instance, the value instance
should reference utility for only one purpose (a single code for V7). If 2 purposes are evident,
recode as 2 separate instances. Likewise, in the case of cost instances, multiple costs (V8)
should be recoded as separate instances of value.
V1. Type of Value (choose only 1)
1. High utility value of STEM (STEM or STEM content is useful for some purpose. Keep in
mind that we are coding instances that emphasize the utility of STEM or STEM content
for something else. We are NOT coding comments that emphasize the utility of
particular tools, methods, or practices for understanding STEM, or for doing STEM
better.) If coded as 1., code V2–V8
2. Low utility value. Explicit statement that science is NOT useful. If coded as 2, code V2UV6 only
3. High intrinsic value: topic/activity/field is interesting, fun, cool.
a. High self-transcendent intrinsic value – topic/activity/field will facilitate feelings
of meaning/happiness by working for the betterment of others/making a
contribution (e.g., you’ll feel good for doing this because you’re helping others;
doesn’t it feel good to help/make a contribution, etc.). The focus here is on the
emotions the act of helping or contributing will engender. In a similar fashion,
comments made by the activity leader may be oriented at sparking sympathy,
outrage, or concern (e.g., you should be concerned because the consequences of
inaction are severe to the ecosystem, species, this species may go extinct if
things don’t change, etc.)
4. Low intrinsic value: topic/activity/field is boring, uncool
5. High attainment value (engaging in this task or doing well in it is important to one’s selfconcept, you are good at this so you should care about it, expressions of striving for
competence)
a. High self-transcendent attainment value – The focus here is on one’s self-concept
as a person that is caring, giving, and willing to help/make a difference. Examples
might include things like, “you have the skills and ability to make a difference;
you’re the type of person that cares about helping others/making a difference;
doing this well is important for helping others etc.”
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6. Low attainment value (engaging in a task or doing well in it is not important to one’s
self-concept, you are not good at this anyway, it must not be important to you)
7. Low cost. Activity/Work requires little investment of time or effort (‘easy’), or is low cost
relative to other tasks/alternatives (e.g. because the cost of NOT doing it will be even
higher), or has low social cost (won’t hurt your reputation).
8. High cost: Activity/Work requires substantial investment of time or effort (‘hard’), has
high cost relative to other tasks/alternatives (e.g., by investing in science, you are shortchanging something else of value), or has high emotional cost (causes anxiety,
frustration, annoyance, anger) or social cost.

V2. Was the leader’s reference to value unsolicited or in direct response to a comment,
question or behavior? (choose only 1)
1. Leader’s value reference was unsolicited (i.e., not in response to a comment, question or
behavior by another person)
2. Leader’s value reference was a response to a youth comment, question or behavior
3. Leader’s value reference was a response to a comment, question, or behavior by someone
other than a student (includes other leaders, STEM IE team members)
4. Unclear whether or not the value statement was unsolicited or a response to someone else

V3. The leader’s value reference was addressed to: (choose only one)
1.
2.
3.
4.
5.
6.

Individual Youth
Small group
Whole Group
Other Activity Leader(s)
Other (includes STEM IE team members)
Unclear

V4. The value (or lack thereof) is explicitly for (choose only one)
1. Whole class/general population (this is the default coding category, the general ‘you/we’)
2. Activity Leader (self. If value is expressed for the non-speaking activity leader, choose ‘other’)
3. Individual Youth (can be more than 1, but must be indicated explicitly)
4. Other (includes known others, e.g., ‘your dad finds this stuff really fun,’ and general others,
e.g., ‘orthodontists need to know this.’ Value statements referencing the non-speaking activity
leader receive this code)

V5. Value statement (high or low) connects to:
1. Specific topic/activity within a broader STEM discipline (e.g. ‘collecting water samples is really
fun/boring,’ ‘mechanical engineers have to know a lot about how gear ratios work.’)
2. A STEM field more generally (e.g., “engineers need to be good at math,” “engineering is
fun/boring”)

ITEMS V6 – V8 SHOULD ONLY BE CODED FOR STATEMENTS ABOUT HIGH
UTILITY VALUE (V1 =1)
V6. General Relationship between STEM and use: Specificity of utility (CHOOSE ONLY 1,)
1. Real life is related to STEM content OR utility/importance of content is stated without goal.
(STOP HERE. DO NOT APPLYL ANY OTHER CODES TO THIS INSTANCE)
2. Content impacts real life for specific passive outcome (include
comfort/discomfort/expectations)—EXCLUDE if content impacts decisions, plans, or actions.
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3. Content is useful for some specific goal (achievement, attainment, understanding) OR career
OR if content impacts real life in a way that affects decisions, plans, or actions (of anyone)

V7. Connection is made between STEM (content or field) and utility for: (CHOOSE ONLY
1. IF MORE THAN ONE OF THESE IS APPLICABLE, RECODE THE STATEMENT
INTO 2 SEPARATE STATEMENTS)
Non-Directive – utility value not directed toward either personal utility or to serve a
larger societal or local purpose
1.
2.
3.
4.

understanding or explaining natural phenomena (e.g., tides, seasons);
bridge to understanding a concept, unit or experience in current summer program;
bridge to understanding in an academic year class (e.g. math, geography);
routine activities, events (eating, shopping, driving a car, getting dressed), relevant
cultural activities (TV, pop culture);
5. explaining advances in science, health, and technology in general
6. contributing to human’s general knowledge and understanding of phenomena/how things
work

Self-Oriented – utility value directed at how STEM can have personal utility for youth
attending the session:
7.
8.
9.
10.
11.

a job or career;
future education in science (high school, getting into college, college majors);
personal health/safety/well-being (physical or mental);
developing a hobby or pastime (e.g. sports);
useful for understanding or advancing social relationships

Self-Transcendent - utility value directed at how STEM can have utility for something
beyond the self
12. Explaining or solving a local problem that youth are directly exploring or addressing within
the confines of the program (e.g., preserving the local ecosystem, helping a local species
to survive by preserving its habitat, etc.)
13. Useful for accomplishing a collective program goal which is oriented at helping others or
the local community in general (.e.g, constructing an outdoor educational space for use by
the school community)
14. Explaining, or solving a global problem that is relevant to a specific current event, news, or
historical event (includes global warming/environmental issues).
15. Emphasizing usefulness for progressing and advancing as a society in terms of living in a
world that is more equitable, secure, and sustainable.

Performance – utility for school work, or careers
16. Useful for getting good grades or test scores (e.g., this will be tested in school, ’ you need
this to stay at grade level at school’)
17. Useful for general future success, fame, income, recognition

ITEM V8 TO BE CODED ONLY FOR STATEMENTS ABOUT COST VALUE
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V8. Nature of the cost (CODED ONLY FOR STATEMENTS ABOUT COST VALUE, V1=7
OR 8) CHOOSE ONLY ONE. IF MORE THAN ONE OF THESE IS APPLICABLE,
RECODE THE STATEMENT INTO 2 SEPARATE STATEMENTS)
1. Effort cost: cost is expressed in terms of time and/or effort (e.g., task is hard/easy, requires a
lot of work, not a big commitment)
2. Opportunity cost: cost is expressed in terms of what would suffer or be missed by focusing on
the activity at hand
3. Psychological Cost: cost is expressed in terms of emotional toll (e.g., causes anxiety,
frustration, fear of failure, annoyance, anger OR engaging will cause one to be perceived as
‘nerdy.’)

APPENDIX H
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HLM Models in Equation Form
RESEARCH QUESTION 2 AND 3 MODELS (TABLES 19-21)
Fully Unconditional Model in Equation Form – ESM Outcomes
Level-1 Model

(1)

Yijkl = π0jkl + eijkl
Level-2 Model

(2)

π0jkl = β00l + r0jl + s0kl
Level-3 Model

(3)

β00l = γ000 + u00l
In equation 1, Yijkl represents each ESM outcome (i.e., interest, important, working hard,
and engagement) examined resulting from a given ESM signal j of youth k in program l; π0jkl
represents the intercept or cell mean (i.e., the mean ESM score of individuals who belong to
signal j and youth k in program l). eijkl is the random individual response effect (i.e., the
deviation of the individual’s response ijk score from the cell mean).
In equation 2, β00l is the model intercept or grand-mean ESM score of all youth and all
episodes; r0jl is the residual random effect of signal j in program l (i.e., the contribution of
signal j averaged over all youth) on π0jkl and s0kl is the residual random effect of youth k in
program l (i.e., the contribution of youth k averaged over all signals). In addition, π0jkl = β00l +
r0jl is the signal ESM score averaged over all youth, and π0jkl = β00l + s0kl is the youth ESM score
averaged over all signals.
In equation 3, program means, β00l, vary randomly around a grand mean, γ000, with a
random program effect, u00l, that represents the deviation of the program l’s mean from the
grand mean.
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Fully Conditional Model in Equation Form – ESM Outcomes
Level-1 Model

(4)

Yijkl = π0jkl + eijkl
Level-2 Model

(5)

π0jkl = β00l + β1jl(ST Value Statements/ST Supports/Opps) + β2jl(Field-based setting) +
β3jl(Episode quality) + β4kl(Motivated at entry) + β5kl(Individual interest) + β6kl(Science interest)
+ β7kl(Math interest) + r0jl + s0kl
Level-3 Model

(6)

β00l = γ000 + u00l
β10l = γ100
β20l = γ200
β30l = γ300
β40l = γ400
β50l = γ500
β60l = γ600
β70l = γ700
The fully conditional models are shown in equations 4-6. Here, youth-level and signallevel variables have been added to the model at Level 2 (see equation 5). The associated slopes
were fixed by removing the error terms at Level 3 (see equation 6).
Fully Conditional Model in Equation Form – Level 3 Predictor
Level-1 Model

(7)

Yijkl = π0jkl + eijkl
Level-2 Model
π0jkl = β00l + β1jl(Field-based setting) + β2jl(Episode quality) + β3kl(Motivated at entry) +
β4kl(Individual interest) + β5kl(Science interest) + β6kl(Math interest) + r0jl + s0kl

(8)
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Level-3 Model

(9)

β00l = γ000 + γ001(ST Goals/Objectives) + u00l
β10l = γ100
β20l = γ200
β30l = γ300
β40l = γ400
β50l = γ500
β60l = γ600

Level-3 Model with Interaction

(10)

β00l = γ000 + γ001(ST Goals/Objectives) + u00l
β10l = γ100+ γ110(ST Goals/Objectives)
β20l = γ200
β30l = γ300
β40l = γ400
β50l = γ500
β60l = γ600
Fully conditional models with a program-level predictor added are shown in equations
7-10. Youth-level and signal-level variables have been added to the model at Level 2 (see
equation 8), while a single program-level predictor has been added at Level 3 (see equation 9).
The associated slopes were fixed by removing the error terms at Level 3 (see equation 9). In
equation 10, a cross-level interaction is shown between self transcendent goals and objectives
and field-based settings.
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RESEARCH QUESTION 4 MODELS (TABLES 23-25)
Fully Unconditional Model in Equation Form – Purpose Experiences
Level-1 Model

(11)

γij = β0j + rij

Level-2 Model

(12)

β0j = γ00 + u0j
In equation 11, γij represents the purpose-related experiences score of youth i in
program j; β0j represents the intercept mean (i.e., the mean purpose-related experiences score of
youth in program j). rij is the random individual response effect (i.e., the deviation of the
individual’s ij score from the cell mean).
In equation 12, program means, β0j, vary randomly around a grand mean, γ00, with a
random program effect, u0j, that represents the deviation of the program j’s mean from the
grand mean.
Fully Conditional Model in Equation Form – Mean Important Score
Level-1 Model

(13)

γij = β0j + β1j(Days attended) + β2j(Value – college or career) + β3j(Science value) + β4j(Math
value) + β5j(Mean important score) + rij

Level-2 Model
β0j = γ00 + γ01(ST value statements/ST supports/opps./ST goals/objectives) +u0j
β1j = γ10
β2j = γ20
β3j = γ30
β4j = γ40
β5j = γ50 + u5j

(14)
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Level-2 Model with Interaction

(15)

β0j = γ00 + γ01(ST value statements/ST supports/opps./ST goals/objectives) +u0j
β1j = γ10

β2j = γ20 + γ21(ST value statements/ST supports/opps./ST goals/objectives)
β3j = γ30
β4j = γ40
β5j = γ50 + u5j
In equation 13, youth-level predictors are added to the model, all of which were grandmean centered. Slopes were fixed for each predictor, with the exception of the mean important
score which remained random as indicated by u5j (see equation 14).
In equation 15, a cross level interaction was assessed between each of the selftranscendent practices examined (ST value statements, ST supports/opps., and ST
goals/objectives) and youth perceptions of the value of STEM for college or a career (Value –
college or career).
Equations 16-18 below mirror this structure, with the exception of equation 17 and 18
where the slope for the mean working hard score has been fixed due to low reliability and a
non-significant random component.
Fully Conditional Model in Equation Form – Mean Working Hard Score
Level-1 Model

(16)

γij = β0j + β1j(Days attended) + β2j(Value – college or career) + β3j(Science value) + β4j(Math
value) + β5j(Mean working hard score) + rij
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Level-2 Model

(17)

β0j = γ00 + γ01(ST value statements/ST supports/opps./ST goals/objectives) +u0j
β1j = γ10
β2j = γ20
β3j = γ30
β4j = γ40
β5j = γ50

Level-2 Model with Interaction

(18)

β0j = γ00 + γ01(ST value statements/ST supports/opps./ST goals/objectives) +u0j
β1j = γ10

β2j = γ20 + γ21(ST value statements/ST supports/opps./ST goals/objectives)
β3j = γ30
β4j = γ40
β5j = γ50

RESEARCH QUESTION 5 MODELS (TABLES 28-30)
Fully Unconditional Model in Equation Form – Post-Survey Youth Perceptions of STEM
Level-1 Model

(19)

γij = β0j + rij

Level-2 Model

(20)

β0j = γ00 + u0j
In equation 19, γij represents the youth post-survey perceptions of STEM score (interest,
self-concept, aspirations, perceptions of value for college and a career and generally) of youth i
in program j; β0j represents the intercept mean (i.e., the mean perception score of youth in
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program j). rij is the random individual response effect (i.e., the deviation of the individual’s ij
score from the cell mean).
In equation 20, program means, β0j, vary randomly around a grand mean, γ00, with a
random program effect, u0j, that represents the deviation of the program j’s mean from the
grand mean.

Fully Conditional Model in Equation Form
Level-1 Model

(21)

γij = β0j + β1j(Mean important/working hard/purpose-related experiences score) + β2j(Days
attended) + β3j(Female) + β4j(pre-survey score) + β5j(science) + β6j(math) + rij

Level-2 Model

(22)

β0j = γ00 +u0j
β1j = γ10 + u1j
β2j = γ20
β3j = γ30
β4j = γ40
β5j = γ50
β6j = γ60
In equation 21, youth-level predictors are added to the model, all of which were grandmean centered. Slopes were fixed for each predictor, with the exception of the mean important,
working hard, and purpose-related experiences score which remained random as indicated by
u1j (see equation 22).

